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Section 1. INTRODUCTION

1.1 Scope.
for pier and wharf construction,

auxiliary structures. Loading details,
appurtenances,

1.2 Cancel | ati ons.

Thi s handbook contains descriptions and design criteria
i ncl udi ng subsidiary,
regul ati ons,

conti guous, and

f ur ni shi ngs,
and other information are di scussed when applicabl e.

Thi s handbook cancel s and supersedes NAVFAC-DM-

251,—Nevenrber—1980,—and—Change—1—datedJunre—1982-M L- HDBK 1025/1, 30

Cct ober 30, 1987 and change 3 dated 30 June 1994.

1.3 Rel ated Criteria. For related criteria refer to the Naval
Facilities Engineering Command (NAVFACENGCOVM) sources itenized bel ow (see

ref erences).

Subj ect
& g_le Ha ah g aelllu_es
Civil Engineering — Pavements

il . . uti |
Domestic Wastewater Control
Civil Engineering - Solid Waste Disposal
Civil-Engineering— Trackage
Civil-Engineering— Water Supply Systems
Ceasio Teetostion

Dockside Utilities for Ship Service

Drydock Facilities

Facility Planning Criteria for Navy and Marine
Shore Install ations

| " F . i
Foundations and Earth Structures
Graving Drydocks

General Criteria for Waterfront Construction
Harbors

) ical and icical
Pontoon Systems Manual
Seawalls-Bulkheads-and-Quaywalls
Soil Dynamics, Deep Stabilization, and Special Geotechnical Construction
Soil Mechanics

i i i H 1
Strdetd E." Engineering —Aluminum Struchy es; Masonry Strdctres
Composite Structures Othe Structural Materials
Structural £ gineering—Concrete Structure
St uetulall Engineering—Ge |e||aI Requirements

Source

SRR 00D
DM-5.03

DM-5.04

DM-5.08

MIL-HDBK 1005/8
DM-5.10
BM-5-06MIL-HDBK 1005/6
BM-5:07MIL-HDBK 1005/7
BM-26-02
BM-25.02MIL-HDBK 1025/2
MIL-HDBK 1029/3

P-80

DM-25.05 |
DM-7.02

M L- HDBK 1029/ 1 13
DM-25.06M L- HDBK 1025/

DM-26.01 '
DM-26.06
P-401

BM-25-04
BM--03MIL-HDBK 1007/3
DM-7.01

SRR o00)E

BM-2.64
BM-2.61
BM-2.02
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Subj ect Source

Steel Structures MIL-HDBK-1002/3
Timber-Structures MHL-HDBK-1002/5

Weight Handling Equipment DBM-38-01MIL-HDBK 1038/1
1.4 Definitions

Breasting Dol phin — A freestandi ng i ndependent structure that a vessel
wi || bear against when current, wind or berthing notion noves the ship
into the pier or wharf. Breasting Dol phins are typically equipped with
ener gy absorbing fender systens and are pile supported or solid fill
structures.

Bullrail — A wide |low curb along the outboard edge of the pier or wharf.
The bullrail may be cast-in-place concrete, steel or tinmber. Bullrails
may be fixed or renpvable. Moring hardware is often mounted on top of
the bullrail

Canel — A floating structure used to separate a noored vessel fromthe
pier or wharf. Canels are used with ships that have hull configurations
that do not match well with typical pier or wharf fender systens, such as,
subnmarines or where vessels require an offset fromthe pier or wharf due
to deck or superstructure overhangs such as an aircraft carrier

Dol phins — A free standing pile supported or solid filled structure used
for nooring and berthing vessels, protection of the end of piers or
wharves, turning ships, or protection of bridge substructure.

Drydocks — A specialized facility used for the repair of ships where the
vessel is rempved fromthe water or placed within a lock and the water is
renoved | eaving the ship in the dry to facilitate repairs.

Fenders — Energy absorbi ng devices used on the face of a pier, wharf or
dol phin to protect the ship and shore facility from danage due to contact
bet ween the two during berthing and noori ng.

Monopi | e Dol phin — A single pile dolphin usually consisting of a |large

di aneter concrete or steel pipe pile filled with concrete. NMbnopile

dol phins can be used as nooring or breasting dol phins. Wen used as a
breasting dol phin, the nonopile dolphinis faced with fendering el enents.
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Mooring Dol phin - A freestanding pile supported or solid filled structure
used for mooring vessels. Mooring dolphins are usually placed at the bow
or stern of a noored ship to provide nooring points to attach breasting
lines, bow lines and stern lines.

Pier - A pier is a structure that projects out from the shore into the water. A pier is oriented either perpendicular
to or at an angle with the shore. It may be used on both sides, although there are instances where only one side
is used because of site conditions or because there is no need for additional berthing.

Slip — The space between two approxinmately parallel piers or the space
formed by a cut into the |land that provides two approxi mately parall el
nooring faces.

Wharf - A wharf is a structure oriented approximately parallel to the
shore. Ships can only be noored at the outshore face of a margi nal wharf.
Whien water depths close to shore are not adequate to accommpdat e deep
draft ships, the wharf, consisting of a platformon piles, is |ocated

of fshore in deep water and is connected to shore along its length or at
one or nore points by pile-supported trestles, usually at right angles to
t he wharf.

1.5+4 General Function. Piers and wharves provide a transfer point for
cargo and/or passengers between water carriers and land transport; secure
nooring for vessels not under power; facilities for fitting-out, refit or
repair; and specialized functions. Were service involves the novenent of
| arge vol unes of both cargo and passengers, separate facilities should be
provided for each. Were one service is subsidiary to another

consi deration should be given to the feasibility of accommpdating both
services at one facility.

1. 6%5 Functi onal Categories Fuhretion—Cassifiecation. Piers and wharves

are =lreoocnooondl e o oo imeon b ol Lo ne
deseriptiongrouped into four (4) primary types as foll ows:

1.6.1 Type | — Fueling, Amrunition, and Supply.

1.6.1.1 Fueling. These are dedicated piers and wharves equi pped with
facilities for off-loading fuel fromship to storage and for fueling ships
fromstorage. For additional design criteria, see ML-HDBK 1025/ 2,
Dockside Uilities for Ship Service
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1511.6.1.2 Ammunition. These are dedicated piers and wharves used for discharging ammunition for
storage and for loading ammunition on outgoing ships. Explosives and ammunition quantity/distance standards
are discussed in Naval Sea Systems Command NAVSEA OP 5, Volume 1, Ammunition and Explosives
Ashore.

1.6.1.3 Supply. Supply piers and wharves are used primarily for the
transfer of cargo between ships and shore facilities. Standard gage
railroad tracks may be provided when supplies are expected to be brought

in by rail.

1.6.2 Type |l — General Purpose.
1.6.2.1+- 52 Berthing. These are general - purpose piers and wharves

used primarily for nooring ships when they are not at sea. Furthernore,
berthing facilities my be active, as when ships are berthed for
relatively short tinmes and are ready to put to sea on short notice, and
i nactive as when they are berthed for long periods in a reserve status.
Activities that typically take place on berthing piers and wharves are
personnel transfer, nmaintenance, crew training, cargo transfer, |ight
repair work, and waste handling. Under sone circunstances, fueling and
weapons systemtesting nay also be carried out in these facilities.

1.6.3 Type Il — Repair.

1.6.3.1 Repair. Repair piers and wharves are constructed and equi pped to

pernmit overhaul of ships and portions of a hull above the waterline.
These structures are generally equipped with portal cranes or to
acconmodat e heavy nobil e cranes.

1.6.3.24+5-3 Fitting-Qut or Refit. Piers and wharves for fitting-out
are very sinmlar to those used for repair purposes, providing
approximately the sane facilities. However, fitting-out piers and wharves
will have, in addition to light and heavy portal cranes, |arge fixed tower
cranes for handling guns, turrets, engines, and heavy arnor

1.6.3.3 Floating Drydocks. Piers and wharves for floating drydocks are
constructed and equi pped to pernmit overhaul of ships above and bel ow the
waterline. These structures are generally equipped with portal cranes or
to accommpdat e heavy nobile cranes. The dredge depth at these facilities
nust accommodate the floating drydock when subnerged.
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1.6.4 Type |V — Specialized.

1.6.4.14 57 Degaussi ng/ Deperning and El ectronagnetic Roll. These
are piers and wharves specifically used for renoving or altering the
magneti c characteristics of a ship by means of a powerful, externa

demagneti zing el ectrical charge. Furtherreguirerents—arediseussedin

1.6.4.2 Training, Small Craft, and Specialized Vessels. These are piers
and wharves are typically light structures designed for specific but
limted functions. Specific requirenents are usually provided by the

activity.

1.74-6 Flexibility of Berths. Typically, piers and wharves are designed
to provide space, utility service, and other supporting facilities for
speci fic incomng or honmeported ships. However, berthing plans and

cl asses of ships berthed change with time. Wile it is not economically
feasible to develop a single facility to acconmpdate and service al

cl asses of ships presently known, the facility should be designed with a
certain amount of flexibility built in for anticipated future changes in
the functional requirenents. This is especially true for berthing piers
and wharves which will be used to accommodate different classes of ships

as well as support a variety of new operations.

1.81++% Requi red Features. The following is a |ist of appurtenances and
features generally required for piers and wharves. Dedicated berths may
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not require all of the listed itens, while specialized berths nay require
addi ti onal features.

a) Hotel and ship service utilities

b) Fender systems and separators

¢) Mooring devices to safely secure the ship

d) Cranes and crane trackage

e) Access facilities for railroad cars and trucks

f) Waste handling facilities

g) Cargo handling equi prment

i) Covered and open storage spaces for cargo

j) Support building, tool shed, office space, and control roons

k) Lighting poles and equi pnent
I) Security systems

n Firefighting equi prent

n) Emergency medical facilities

0) Access structures and facilities

p) Fueling facilities

q) Safety Ladders

r) Life-Safety Rings

s) Communications
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Section 2. FACILITY PLANNI NG

2.1 Location and Oientation

2.1.1 Ceneral. The location and alignment of piers and wharves in a
har bor shoul d consider factors such as ease of entering and | eaving berth,
requi red quayage, harbor line restrictions, foundation conditions, and
isolation requirements, prevailing wind and current directions, clearance
to noored or passing vessels, avail able dredged or dredgabl e depths,
shoaling patterns, environnmental pernit restrictions, port regul ations and
| andsi de access/proxinty. For discussion and criteria, see Naval
Facilities Engineeri ng Command NAVFAC DM 26. 01, Harbors.

Thi s docunent provides mininumfacility planning and design criteria for
efficient homeport facilities of active surface conbatants, anphibious
warfare, and conbat |ogistic ships of the followi ng classes: Cruisers (CG
47), Frigates (FFG 7), Destroyers (DD963, DDG 51), Anphi bious warfare (LHA
1, LHD 1, LPD 7, LPD 17, LSD 41), Conbat |ogistics (AO 177, TAO 187).

ACE, CVN, SSN, MCM MHC, and MCS are berthed at dedicated facilities.
Mninum facility planning and design criteria for efficient honmeport
operations of active NNmtz class aircraft carriers is also included
herein. Existing ports, facilities, and berths may not neet all criteria
and may therefore, performless efficiently, but do not necessarily
require upgrade.

Pi ers and wharves at honeporting facilities may be grouped into 4 standard
service categories

1.2 Type | - Fueling and Ammunition Type Il —  Ceneral Purpose
Type Ill - Repair

Type |V - Specialized

The requirenents are different for each type. This docunent focuses on
the entire honeport operation. The ship will visit fueling and amunition
piers for short periods, but generally berth at general purpose berthing
piers. Al ships will undergo a Phase Mintenance Program and based on
the C ass Maintenance Plan (CMP) it may be at a repair berth. Ships in
dry dock, at liberty ports, and in inactive status require specialized
criteria that NAVFAC will provide as requested. Every 18 nonths the
carrier will undergo a 6-nonth “Planned Increnental Availability (PIA)” at
the repair berth.

2.1.2 Coordi nation of Repair. Coordinate capability of |ocal ship
repair facilities and sal vage operations with NAVSEASYSCOM SUPSHI P,
COVWNAVSURFLANT N4, or COWAVSURFPAC NA. For CVN s coordinate with
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NAVSEASYSCOM PMS 312 and Code 08, COVNAVAI RLANT N4, or COVNAVAI RPAC N4
The following facilities should be available within a reasonabl e di stance
fromthe support facility homeport to mnimze disruptionto famlies and
to allow an acceptable Ilevel of sailor quality of life as defined in
PERSTEMPO r equi renents ( OPNAVI NST 3000. 13A)

a. A Ship Maintenance Facility (SMF) housing the nachine tools,
i ndustrial processes and work functions necessary to perform non-
radi ol ogi cal depot |evel maintenance on ship propul sion plants.

b. A Mai nt enance Support Facility (MSF) housing both adninistrative
and technical staff offices supporting ship propul sion plant maintenance,
as well as central area for receiving, inspecting, shipping, and storing
hazar dous/ ni xed waste materials and nai ntenance materials, and controlled
radi ol ogi cal tank storage.

C. A Controlled Industrial Facility (CIF) or Radiol ogical Wrk
Facility used for the inspection, nodification, and repair of radiologica
control | ed equi prent and conponents associated with Naval nucl ear

propul sion plants. It also provides facilities and equipnment for the
treatnent, reclanation, and packagi ng for disposal of radiologically
controlled liquids and solids. It includes non-radiologically controlled

spaces for administration and other support functions.

d. Dry-dock facilities for CUN's exist only in the Hanpton Roads area.
Aircraft carriers will be located at these facilities to this |location
during periods when this service is required. Facilities for other ships
exist at the followi ng |locations: Norfol k Naval Shipyard, Puget Sound
Naval Shi pyard, Pearl Harbor Naval Shipyard, and Sasebo Bay. Consult with
NAVSEA and the ship’s Miintenance Program Master Plan and C ass Master
Plan (CWP) for specific requirenents.

e. Phased Mai ntenance Activities (PMA). PMA is a short, |abor

i ntensive availability for ships in a Phased Mii ntenance Programfor the
acconpl i shnment of mmi ntenance and noderni zation. At sone Naval stations,
PVA perfornmed at berthing piers will be of significant nmagnitude.

Requi renments for space and pier dinensions due to PVA should be considered
for these facilities. The four levels of PVMA and their estinated space
requirenents are as foll ows:

e Internediate Mai ntenance Availability (IMA). |1NMA consists of renpva
and repair of shipboard equi pnment perfornmed by Shore Internediate
Mai nt enance Activity (SIMA) personnel or tender forces, with a duration
of approximately 30 days. G oss deck requirenents range from 2000 to
3000 ft? (186-279nf) with work area dimensions varying from30 x 65 ft
(9.1 x 19.8 m to 30 x 100 ft (9.1 x 30.4 m.

e Planned Restricted Availability (PRA). PRA consists of limted repairs
of shi pboard equi pnent and systens by contract forces under Supervisor
of Shi pbuilding and Repairs (SUPSH P) control, with a duration of 30 to

DRAFT




DRAFT

60 days. Goss deck area requirenents are about 10,800-ft? (1003 nf) at

35 x 310ft (10.7 x 95 n) of conmmand and storage area could be on the
| ower | evel

e Selected Restricted Availability (SRA). SRA consists of expanded
repairs and/or nminor ship alterations to shipboard equi pnment and
systens by SUPSHI P contract forces, with a duration of approxinately 60
days. Gross deck area requirenents are about 18,000 ft? (1672 nf at 35
X 515-ft (10.7 x 157 M. On a double-deck pier with adequate
cl earance, about 5000 ft® (464 nf) of command and operational area could

be on the | ower |evel

e Regular Overhaul (ROH). ROH consists of major repairs and ship
alterations to shipboard equi pnent and systens by SUPSH P contract
forces, with a duration of six to eight nonths. G oss deck area
requirenents are about 23,000-ft? (2136 nf) at 35 x 660-ft (10.7 x 201
M. In addition, there would be a requirenent for turnaround areas on
deck and warehousing off the pier or wharf. On a double-deck pier, up
to 8000 ft? (743 nf) of conmand and operational area could be on the
| ower | evel

2.1.28 Wnad—and—Currents—Oientation for Environmental Conditions. To
the extent practicable, piers and wharves should be oriented so that a
noored ship is headed into the direction of the prevailing w nds and
currents. Thus, the forces induced on nooring lines by these conditions
woul d be kept to a mininum |If such an arrangenent is not feasible, an
orientation in which the wind or current holds the ship off the facility
shoul d be considered, although the difficulty in nooring a ship under such
condi tions should not be overlooked. In locations where criteria for both
wi nd or current cannot be nmet, the berth should be oriented parallel to
the direction of the nore severe condition. At |ocations exposed to waves
and swell, the facility should be | ocated so that a nmoored ship is headed
into the wave or swell front. |If planning criteria dictate that a pier or
wharf be oriented so that a nmoored ship is positioned broadside to the
prevailing winds, currents, or waves, breast-off buoys should be
considered to keep the ship off the facility and dimnish the possibility
of damage to the structure and ship. At oil storage terminals located in
areas where neteorol ogi cal and hydrol ogi cal conditions are severe,

consi deration should be given to the utilization of a single point nooring
which allows a noored tanker to swing freely when acted upon by w nds,
waves, and currents fromvarying directions. See ML-HDBK 1026/4 for
additional information relating to the design of noorings and fenders.

2.1.34 Furnbprg—Bastn—Vessel I ngress and Egress.
On occasion, a noored vessel is required to make a hasty departure from

its berth and head out to sea. Accordingly, when planning a pier or
wharf, consideration should be given to providing adequate turning area so
that a ship can be turned before it is docked, and moored with a headi ng
that will permt a convenient and rapid departure.

2.1.4.1 Disaster Control and Energency Pl ans.

DRAFT




DRAFT

a. In an energency, tugs nmay not be available. Therefore, the slip,

berth, basin, and channels should allow the ship to get underway w t hout
assi stance. See OPNAVI NST 3040. 5c.

b. Shoul d the ship be unable to |l eave prior to heavy weat her (such
as during a PMA (or PIA for CVN)), a Heavy Wather Moring plan should be
established for winds from 34 knots (39 nph) to the predicted 100-year
recurrence wi nd speed at the site. General -purpose berths are normally
designed for 64-knot (75-nph) winds. Therefore, winds in excess of 64
knots (75 nph) such as nay be seen at repair berths require special

consi derations. See the heavy weather nooring criteria in Nava
Facilities Engineering Service Center (NFESC) Technical Report (TR) 6012-
OCN, “U.S. Navy Heavy Wather Mooring Criteria”.

C. Design facility systens for continuous operation in the event of
a power outage.

2.1.4.2 Channel Approaches. (Quter Channels) — site specific criteria

a Coor di nate di nensi ons of approaches with the NAVFAC Criteria

O fice, NAVSEASYSCOV| and COWNAVSURFLANT N4, or COWAVSURFPAC M.

Consi deration should be given to traffic |lanes, |local comrercial traffic,
navi gati onal aids, nagnetic anonalies, electronic navigation aids, waves,
w nds, currents, use-frequency, pilotage and tugs. Contact the US Coast
Guard for navigational marking requirenents and bridge cl earances.

b. The geonetrics of the approaches (depth, width, and course) are
dependent on nmany operational and environnental factors. The wave
environnent greatly affects the required depth to transit the approach
Local commercial traffic affects the width. Mneuverability is the
primary driver for the course. Consequently, the planner nust exani ne
each channel approach separately. Contact the NAVFAC Criteria Ofice to
assist in evaluating or designing channel approaches.

C. Contact the | ocal NAVFAC representative, who will contact the US
Arnmy Corps of Engineers to address environnmental and material disposal
i ssues. Generally, this effort will be part of NEPA conpliance.

2.1.4.3 Entrances. (lnner Channels) and Harbors — site specific criteria

a. Entrance Restrictions — Entrance channel s provide access between
deep water subjected to a strong wave environnment to sheltered harbors.
Contact local Port Authority for any operational restrictions.

b. Entrance Currents - Strong currents greatly affect the usability
of entrance channels. These currents should be quantified and the inpact
assessed during the planning stages.

C. M ni nrum Entrance Depth - Different ships require differing
anounts of water during transit of channels (usually during nmean to high
tides) greater than 1000 ft. (305m) wide. CVN s require 50 ft. Narrower
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channel s require greater depths. Tides and waves should be quantified and
the i npact assessed to deternmine if a greater dredge depth is required.
Siltation occurs in nbst channels and shall be quantified initially. The
design depth should then be deeper than the requirenent to accompdate
siltation. Expected siltation can be addressed through advance

mai nt enance dredgi ng or other nmeans. Determ ne whether the proposed depth
is great enough to avoid interference with the vessel's hull and speci al

el ectronic apparatus that m ght be attached. Entrance depth is also
dependent on draft, trim list, salinity, and clearance requirenents. See
NAVSEA Itr 11460 Ser 03D3/242, dated 3 Jan 95, “CVN 68 Cl ass Water Depth
Requi renments”.

d. M ni nrum Entrance Channel Wdth (outside breakwaters) — depends on
shi p speed, wave, wind, and current environment but generally at |east 500
ft. (152.4m for surface conbatants, 700 ft. (213.4m for anphibious, and
conbat | ogistic ships, and 800 ft for CVN's, at toe of slope, assuming no
bends in the channel and one way traffic during transit.

e. Vertical Bridge Cearances - 180-ft. (55m above Mean Hi gher High
Water (MHHW when ship is in light condition. Light condition occurs when
the ship is intact in every respect with water in the boilers at steaning
level and liquids in machinery and piping but with enpty tanks and
bunkers, no passengers, mninmal crew, cargo or provisions. CV and CVN
have no aircraft, airwi ng, anmunition, and has 55% of JP-5, 10% of
provisions and stores, 10% of potable water, aircraft handling vehicles,
and 25% onboard di scharge tank water, is intact in every respect with
water in the boilers at steaming level and liquids in nmachinery and piping
but with enpty tanks and bunkers and no passengers, nmininmal crew, cargo or
provisions. For the older CV's, a height of 250 ft. MHHWis required. |If
the facility is designed explicitly for NNmtz class, use 230 ft. NMHHW

f. Turning Basin Criteria —For surface conbatants, 1700 ft (518m
(optimal)/ 1275 ft (389m (absolute mnimumw th full tug support) radius
{diameter?}. Tug availability should be considered. M ninumdepth = 36
ft (11m(wo T-AO at Mean Lower Low Water (MLLW and 45 ft {Is 45 ft
correct?}(13.7m (W T-AO at Extrene Low Water (ELW with no waves. For
CVN s, provide radius {dianeter?} of 2200 ft. optiml /1650 ft. absolute
mnimmwth full tug support. Mninumdepth required is 49.5 ft. at Mean
Lower Low Water (M.LLW and 45.5 ft. at Extrene Low Water (ELW w th no
waves.

g. M ni rum I nner Channel Wdth (inside breakwaters) — is generally
at least 400 ft. (122m for surface conbatants, and 600 ft. (183n) for
anphi bi ous and conbat | ogistic ships, and CYN' s at toe of slope, assum ng
no bends in the channel and no other traffic during transit. Narrower

wi dths may create nmaneuverability difficulties, increase risk of
groundi ng, and increase sinkage thus reducing efficient honeport

oper ati ons.
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2.1.45 Pier Orientation.

A pier is a structure whiech-that projects out fromthe shore into the
water. A pier is oriented either perpendicular to or at an angle with the
shore. It may be used on both sides, although there are instances where
only one side is used because of site conditions or because there is no
need for additional berthing. Piers may he nore desirable than wharves
when there is limted space avail abl e because both sides of a pier may be
used for berthing and nooring shi ps. The space between two

approxi mately parallel piers or a pier and a wharf —s—usually—may be
referred to as the—a slip.

2.1.56 VWharf Oientation.

A wharf |s a structure orrented approxrnately paral | el to t he shore V%eﬂ

s%rHe%Hre—+s—Hsed—%e—een%a+n—Hp#and—L+##—p#aeed—beh+nd—%he—mhar#——+%—+s
catH—a—rmarginal—wharf——Shi ps can only be noored at the outshore face of a
margiral—wharf. Wen water depths close to shore are not adequate to

accommodat e deep draft ships, the wharf, consisting of a platformon
piles, is located of fshore in deep water and is connected to shore at one
or nore points by pile-supported trestles, usually at right angles to the
wharf. |If the trestle is located at the center of the wharf, the
structure is referred to as a T-type wharf; if the trestle is |located at
an end, the facility is known as an L-type wharf; if trestles are |ocated
at both ends, the wharf is called a U-type wharf. Ships nmay be berthed on
both sides of a T- or L-wharf. Wen the offshore wharf is used for
transfer of bulk liquid cargo fromthe unloading platformto shore via
submarine pipelines, the structure is referred to as an island wharf. A
trestle fromthe offshore wharf to shore is not provided and both sides of
the island wharf may be used for nooring ships. Launches are used for
wharf access. Wiere a U shaped berth is forned by a cut into land by two
approxi mately parallel wharves, this may be referred to as a slip. For
exanpl es of pier and wharf types, see Figures 1 and 2. For general cargo,
supply, and container termnals, a wharf structure, connected to upland
shore area for its full length, is preferred because such an arrangenent
is nmore adaptable to | oop rail and highway connections and the distance
fromwharf apron to transit sheds and open storage areas is shorter

2.1.67 Wat er Dept h.

At | ocations where the required depth of water is available close to shore
and the harbor bottom sl opes steeply out to deeper water, it may not be
econoni cal to build deep water foundations for a pier, and a wharf
structure should be considered. At |ocations where water depths are
shal | ow and extensive dredging woul d be required to provide the required
depth of water close to shore, consideration should be given to |ocating
the facility outshore, in deeper water, by utilizing a T-, L-, or Utype
whar f .

2.1.78 Dol phi ns.
These are snall independent platforns or groups of piles used by

themsel ves or in conjunction with a pier or wharf for specialized
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purposes. A nooring dolphin is sometimes used at the outboard end of a
pier and either or both ends of a wharf to tie up the bow or stern |line of
a ship at a nore favorable angle. Moring dol phins are usually accessed

by a catwalk, as illustrated in Figure 1, and are provided with a bollard
or capstan. Breasting dol phins are sonetinmes used for roll-on/roll-off
facilities and at fueling ternminals where a full-length pier or wharf is

not required. They may al so be used as part of the fender system A
turning dol phin is an isolated structure used solely for guiding the ships
into a berth or away from known obstructions. GCccasionally, a nooring

dol phin may al so be designed to function as a turning dol phin. Approach
dol phins are used where the end of a pier or ends of a slip require
protection fromincom ng ships.

2.1.89 Special Orientation and Form Degaussing/deperning facilities
usual ly require a nagnetic north/south orientation, irrespective of other
consi derations. Wen both sides of a npored ship need to be accessed, two
parallel piers with a slip in between nay be preferred. GCccasionally,
there is also a need to provide a cover over the berthed ship for security
or operational considerations, as for the Chio-class (Trident) submarines.
Speci al nmoorings may be required for floating drydocks and specia

consi derations for dredging (and shoaling) to allow for |owering of the
dock is required. Gaving docks are discussed in ML-HDBK 1029/3, Drydock
Facilities.
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Marginal Wharf Types
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2.2 Overal | Dinensions and Cl earances.

2.2.1 General. The overall dinensions and cl earances required for

pi ers and wharves are dependent on characteristics of the ships to be
berthed and the support services provided. —See—TFable—21— See SH PS (ship
characteristic database) on the NAVFAC web site for characteristics of
typical ship types. For additional information on general criteria, see
Naval Facilities Engineering Conmand NAVFAC P-80, Facility Pl anning
Criteria for Navy and Marine Shore Installations, and the Naval Vesse
Regi ster, and the Mlitary Sealift Command Honepages. See
pttp:77ww. efdlant. naviac. navy. mT/Lantops I5]for links to the Naval
Vessel Register and MIlitary Sealift Command pages. See the NAVFAC
website for the latest Interim Technical Guides (ITG s).

2.2.1.1 Ship Characteristics

a. Draft — use the larger limting draft or maxi num navi gati ona
draft in determning mninumwater depth requirenents. The maxi num draft
for a surface conbatant is 33.4-ft (10.2nm) (CG 47), for an anphi bi ous
warfare, it is 27-ft (8.2m (LHD 1), and for conbat logistics, it is 36-ft

(11m (T- A0 187). Use the Iimiting draft for the largest CVNin
determ ning mnimumwater depth requirenments; i.e., 40.8 feet.
b. Di spl acenent — use the largest displacenent expected of any ship

anticiapated to use the facility in determning berthing forces on the
pi er or wharf. The nmaxinum di spl acenent for surface conbatants is 9, 962
long tons (10,125 netric tons); for anphibious warfare is 40,674 |long tons

(41,430 netric tons), conbat |logistics is 40,000 |long tons (40,653 netric
tons), and CV or CYNis 104,200 long tons (105,854 netric tons).

C. Length — use the overall length for the |ongest conbination of
surface conbatants, anphi bious warfare, conbat |ogistic ships, or CVN that

normally use the facility to deternmine pier and wharf length and utility
| ocations. Largest overall length for surface conbatants is 567-ft
(172.8m (CG 47), for anphibious warfare 884-ft (269.4m (LHD 1), for conbat

| ogistics 677-ft (206.3m (T-AO 187), and for CVN 1123 ft ( 342.3m

d. Breadth — use the widest to determine horizontal clearances and
slip width both for single berth and nested configurations. Maxinmm
breadth for surface conbatants is 66-ft (20.1m (DDG 51), for anphi bi ous
warfare 118-ft (36m) (LHA 1), and conbat logistics 97.5-ft (29.7m (T- AG
187). Note that the waterline beamfor CVN 68-75 is 134 ft and the width
of the flight deck structure (with antenna platfornms, wal kways, and
portable flight deck sections renoved) is 252 ft. Wthout renoving these
appurtenances, CVN 68 is 260 ft and CYN 76 is 280 ft wide.

e. Hei ght — use the lightly | oaded height of 180 ft (55n) above the
waterline. This includes conbi ned superstructure and all conmmuni cations /

antenna array supported by the superstructure. Governing vessel is the
LPD 17. Use the lightly | oaded height of 215 ft. above the waterline for
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2.2.1.2 Supporting itens - provide the follow ng:

a. Fenders / Canel System - Design fender / canmel systens for the
followi ng arrangenents: Single berths for LHD, LHA, nultiple berths for
LPD, LSD (anphi bious warfare); single berths for AO TAO (conbat
logistic), and nultiple / nested berths for DD 963, CG 47, DDG 51, FFG 7
(surface conbatants). Design systemfor flexibility and to accompdate
any uni que features of the above ships. For CV and CVN provide three
canels (one spare) of mininumw dth 55 ft. to prevent interference between
the ship elevator and the pier deck. Naval Station Norfolk uses 32-ft

wi de canels but provides a 2 degree list. Naval Station Everett uses 60-
ft wide canels. Canels may be barges or fabricated from NAVFACENGCOMV
standard drawi ngs and specifications. Structurally evaluate barge for
severe weat her conditions. Also consider crane lift ability in canel
design and utility location. NAVSEA PM5 312 reconmends 60-ft canels for
new CVN honeports. Design systens for flexibility and to acconmpdate any
uni que features of the above ships.

b. Aircraft Support - Aircraft require extensive support. Those
requi renents are not addressed herein.

C. Laydown Area - A mininmumof 5 acres (20, 234nf) of |aydown area in

addition to pier/wharf space is desirable. The |aydown area shoul d be
within %2mle (.8km of the pier/wharf.

e. Brows — Brows and Platforns are usually placed onat ship’'s
designated entry/egress points to the main deck. For CV and CVN, two 45
foot brows are usually placed on the ship's #2 elevator and one 60 foot
brow pl aced between elevators #2 and #3 to the main deck. Brow design
length will be based on canel design and resultant standoff distance.

f. Handi cap Accessibility — Design facilities (ranps, |andings,
railings) in accordance with Anerican with Disabilities Act (ADA) of 1990
Techni cal requirenents and gui delines for accessibility to buildings and
facilities are found in | CC ANSI Al117.1, Accessible and Usabl e Buil di ngs
and Facilities and the Anmerican with Disabilities Act Accessibility

CGui del i nes (ADAAG).

g. O her Ship Use - CVN berths should generally be designed to
acconmpdate a variety of surface conbatants that nay use the facilities.

h. WAar ehouse Space - General warehouse space accessible to |arge
trucks and handling equi pnent.

i. Pernit no pier interferences such as utilities and deck
appurtenances in the zone of carrier elevators 1, 2, and 3.

2.2.2 Pi er and Wharf Length.
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2.2.2.1 Single Berth. The length of pier or wharf should equal the
overall length of the |argest ship to be acconmpbdated, plus an all owance
of 50 ft at each end of the ship. For aircraft carriers, the allowance at
each end of the vessel should be increased to 100 ft. (See Figure 3.)

2.2.2.2 Miltiple Berths. The length of a pier or wharf should equal the
total overall length of the |argest ships sinmultaneously accommodat ed,
pl us clear distance allowances of 100 ft between ships and 50 ft beyond
out ernost noored ships. (See Figure 3).

2.2.2.3 Mnimum Slip Length - 1350-1500 ft. (412m457m nin. This range
inslip length is based on berthing two CG 47 /lower range and two LPD 17
/| upper range which provides adequate space for bow and stern lines,
provides a safety and security clearance fore and aft of each berth of 50
ft. (15.2m, and facilitates energency sorties without tug support. For
CVN's , provide 1300 to 1325 ft minimumwhich allows a safety clearance
fore and aft of 100 ft. For CVNs, five to eight tugs should be avail able

for berthing operations.

2.2.2.4 Contai ner and RO RO Berths. The length of berths used for
contai ner or RO RO berths should account for the requirenents of the
contai ner cranes or special ranps. Were shipboard slewing ranps are to be
used, provide adequate berth length to allow for efficient vehicle

nmaneuvering.

2.2.2.53 Submarine Berths.

For nost classes of submarines, a 50-ft end distance to a quaywall or

bul khead i s adequate. The nose-to-tail spacing for nultiple berthing
shoul d al so be a minimmof 50 ft. However, |arge submarines such as the
Chio class (Trident) require 150 ft or nore nose-to-tail spacing and

cl earance to bul khead or quay wall. Were explosive safety distance
considerations require the use of fragnentation barriers, or specific
separation di stances, spacing shall be adjusted per the requirenents of
NAVFAC OP5.

2.2.2.6  Arrangenent — Provide honeport facilities for the foll ow ng
arrangenents: Single berths for LHD, LHA, multiple berths for LPD, LSD
(anphi bi ous warfare); single berths for AO TAO (conbat |ogistic), and
nmultiple / nested berths for DD 963, CG 47, DDG 51, FFG 7 (surface
conmbat ants) .

2.2.2.7 CUNBerth. CVNs are typically noored “starboard side to” to
all ow acess to the ship’s three elevators for on/off | oading.

2.2.3 Pier and Wharf Wdth. Pier width as used herein refers to the
net operating width of the structure, exclusive of fender systens, curbs,
and dedicated utility corridors. (See Figure 4.) This definition also
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holds for U, L-, and T-type wharves. However, with reference to marginal
wharves, the width should be the dinension to a building, roadway, or

ot her identifiable obstruction. Refer to Table 21 for m nimum w dths
established for each functional type. They should be reviewed with
specific functional requirenents of the individual installation before a
final selection is nade. Functional requirenents include operationa

space, space for maintenance of utilities and |ayout of cables and hoses,
space for solid waste collection, space for brows and stair platforns, and
space for crane operation. For crane operation, consideration nust be
given to crane outriggers, tail swing of crane counterweights, and
overhang of vessels. For CV's and C/N's, the tail swing of gantry cranes
must be coordinated with the overhang of the flight deck and el evators
considering avail able canels and potential |ist of the ship. Also, these
di mensi ons should not be less than the w dths deterni ned by geotechnica
and structural considerations. Factors to be considered in the

determ nati on of pier and wharf width are as foll ows:

2.2.3.1 UWUilities. One of the primary functions of a pier or wharf is to
provi de connections for utilities fromship to shore. Fixed utility

term nals are usually provided close to the edge of the pier or wharf
along the bullrail. Flexible hoses and cables are then connected to these
terminals and to the ship. Depending upon the type of utility hoods, the
term nals, hoses, and cables may require 10 to 15 ft of space along the
edge that cannot be utilized for any other purpose. Consideration should
be given to types of utility hoods that require ne—additional edge space
for cable and hose | aydown. Sonetines, the electrical vaults or
substations are nounted on the deck, further encroaching on the clear
operating width available. 1t +s—nay be preferable to | ocate them
underdeck in watertight concrete vaults to avoid encroachnent on avail abl e
deck space. Wiere the width of the berth area is constrai ned by adjacent
facilities or other linitations, the use of dual |evel configurations may
be warranted. These configurations allowthe utility enclosures and the
associ at ed hoses, cables and mai ntenance activities to be segregated from
the operational areas and allow crane operations closer to the edge of the
pier or wharf. See Figure 7.

2.2.3.2. \Warves or piers with berths on one side = 66 ft (18.3m mnin.

(16 ft (4.9m bollards and utilities, 35 ft (10.7m nobile crane ops, 15
ft (4.5m. fire lane). For CYN s with berths on one side, = 90 ft mininum
(20 ft bollards and utilities, 35 ft nobile crane ops, 15 ft fire lane, 20
ft for |oading area.

2.2.3.3. Piers with berths on both sides = Single Deck: 117 ft. (35.7m
mn., (32 ft (9.8m bollards and utilities, 70 ft (21.3m nobile crane
ops/loading area, 15 ft (4.6m fire lane). Double Deck 93-ft (28.3m nin.
(8 ft (2.4n) bollards, 70 ft (21.3m nobile crane ops/loading area, 15 ft
(4.6m fire lane). The doubl e-deck concept provides clear unobstructed
pier to ship interface; isolation of main deck port services operations
fromlower-deck public works utilities operations; reduced offset
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requirenents for nobile crane operation thereby reducing the requirenent
for floating cranes; higher nmain deck, elimnating the need for brow
platforns; for out of water transforner vaults. For CYN's with piers on
both sides, = 150 ft. mininum (40 ft bollards and utilities, 70 ft. mobile

crane ops/loading area, 15 ft fire lane, 25 ft for loading area. This
requirenent is for carrier (CVYN berths or a conbination of CVN ACE
berthed. Recommend 150 ft w de piers based on operational experience of
existing facilities.

2.2.3.4 These widths provide adequate space for line handling, utility
mai nt enance, ship maintenance, replenishnent, and fire fighting access.
Transforners are assuned off-deck or under-deck, deck mounted transforners

require additional 25 ft. (7.6n) of pier width.
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Table 1
Characteristics o

1

[ Fully
Beam at  Haz Mav Loaded Tuliy Loaded
Width Waterlioe | Draft Draft Displacemect
Ship Type {fext} (feet) | {feet) {feer) {long toms
COMBATANT SHIFS :
1
Battlnship Jows Clssas Bl 61 385.0 109.0 108.0 B0 3.0 58,000
Guided Missile Cruiser <G 26 547.0 55.0 54.0 0.3 20.5 8,50
Guided Miasile Cruiser CG &7 567.0 55.0 55.0 3.4 0.0 3.600
Guided Missile Cruiser Con 3% 96.0 61.0 0.0 31.0 21.0 10,450
Guided Missile Crulser CaN 32 586.0 83.0 1.0 .6 21.8 10,420
Alrceaft Cavrier £V &6 1048.0 252.0 130.0 a0 37.0 1,770
Aircraft Carvier Ximitr Clamw VR 68 1082.0 257.0 134.0 41.0 .0 91,490
Destroyer P 963 5640 540 55.0 30.0 n.0 7,810
Guided Miseile Destroyer oG 2 437.0 &7.0 &.0 4.0 1.4 4,900
Guided Misaile Destroyer opG 37 513.0 13.0 52.0 7.0 14.0 6,120
Guided Misnile Descroyer DG 993 363.0 55.0 5.0 2.4 20.0 $,300
Guided Mhinsile Destroyer G 51 640 60.0 60.0 0.0 - 8,400
Frigate FF 1052 438.0 &7.0 47.0 26.5 15.5 4,330
Guided Missile Frigste FFG 7 5.0 4t1.0 .0 4.9 1h. & 3,590
Submarioe 55 567 293.0 7.0 4.0 17.3 16.0 1,000
Submarcioe Darter Class 55 576 283.0 1.0 5.0 17.3 16.8 1.030
Subsecine 3turgeon Clame SER 637 89.0 2.0 %.0 29.0 5.9 4,270
Submarine Los Angeles Clasw 350 688 361.0 31.9 8.0 3.5 7.3 6,930
Submarine Lafsyette Clawd SSIN &16 421 .0 3.0 5.0 2.0 7.3 7,350
Submariss Ohic Clas» SSBN 726 560.0 42.0 .0 5.9 5.4 16, T4l
NINE VARFARE SEIPS
#i per re w1 240 - ».o - 11.25 1,b40
Vehicle
Hionesweaper/Runter, Air HSE 1 189.0 319.0 .0 13.5 8.2 134
Cushion
Hinesweeper M0 &27 173.0 3.0 35.0 4.0 12.0 330
ANPHIBIOUS WAKFARE SEIPS
Landing Craft, Air Cushion LOAC 1 "n.o &7.0 &7.0 = 2.75 1re
Amphibious Cosmand Ship LLC 1% §20.0 108.0 2.0 30.0 9.0 18,650
Awpbibicus Carge Ship LEA 113 576.0 2.0 8z.0 28.0 28.0 14,850
Ampbibious Trazspori Dock LD & 370.0 105.0 [ LN 23.¢ 1r.]3 17,260
Ampkibious Assesult Ship 5. T X200 118.0 106 .0 2.0 26.0 15,400
Amphibious Assault 5Ship LED 1 B . O 106.0 10%.0 - 26.1 0,530
Dock Landing Ship L5D 36 553.0 | T} [ 1] 0.0 0.0 13,700
Dock Landing Ship LED 41 60%.0 84,0 B .0 19.6 19.6 15,730
Tank Lending Ship ST Un 565.0 70.0 0.0 0.0 16.0 1,520
AXILIARY SHIPS
Destroyer Tesder AD 37 645.0 85.0 5.0 .o 27.0 20,500
Destroyer Tender AD 41 #43.0 85.0 85.0 - 22.1 19,740
Ammaitica Ship AL 26 564 .0 81.9 a1.0 .0 8.0 15,083
Combat Store Ship AFS 1 581.0 mn.o .0 8.0 28.0 18,660
Tast Combat Support Ship ME 1 T96.0 107.9 107.0 &1.0 41.0 51,600
Ollex AD 177 589.0 8.0 8.0 == 2.4 27,500
Replenishaent Oiler AOR 1 659.0 ¥%.0 9.0 ».5 3.5 3,
Balvegs Shigp ARS 3% 11h.0 #3.0 43.0 15.1 14.3 1,970
Salvage Ship ARS 50 235.0 - 5L.¢ 17.8 17.0 z,880
Submarine Tender AS M [N ] 5.0 5.0 .0 29.0 23,490
Repair Ship ARS 530.0 73.0 3.0 26.0 24.0 17,200
Ocesmographic Rassarch T-AGDR 16 6.0 5.0 75.0 ny 0.1 3,420
Survey Ship T-AGS 21 455.0 - 82.0 8.5 21.0 13,050
Carpo Ship T-AX 284 &88.0 - 6.0 31.0 31.0 15, 404
¥ehicle Carge Ship T-AKR 207 946 .0 - 106.0 ar.e al.e 2,810
Maritime Prepositioning Ship T-ADX 221.48 - 106.0 2.0 3.0 47,000
Odiler T-AD 187 #718.0 - 47.0 - 3.5 &0, 000
Transport Oiler T-MIT (T5) §15.0 - 0.0 -- .0 39,000
fleet Ocesn Tugs 1-ATE 166 226.0 - 42.0 - 15.0 2,160
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Figure 3
Length and Width of Slip
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2.2.3.52 Mobile Crane Operation. Piers and wharves are subject to
frequent usage by truck-nmunted nobile cranes forklifts, and straddle
carriers for servicing the ships. This weight-handling equipnent requires

maneuvering and turnaround space on the deck for effective operation. |If
possi bl e the deck space should be planned to allow nobile cranes to be
backed up perpendicular to the bullrail. This permts the nmaxi num

| oad/ reach conbination. Make allowance for tail-sw ng of crane counter-
weight. Refer to ML-HDBK 1038/1 and P-307. The Navy Crane Center at
{ldentify contact point for Navy Crane Center!} nmay be consulted for
operating requirenents.

2.2.3.63 Crane Tracks. Rail-nmounted cranes are often needed for ship
fleet |oadout in outfitting/refit and repair facilities. Wdth

requi renents depend on equi pnent selected. A rail gage of 40 ft is
standard(?) for new cranes, except at container ternminals or where it is
necessary to conformto gages of existing tracks. Wen cranes are

furni shed, the distance fromthe waterside crane rail to the edge of the
pi er or wharf should be adequate to provide clearance for bollards,
cleats, capstans, pits housing outlets for ship services, crane power
conductors, and other equipnment. Sone electric powered gantry cranes may
require either open or covered (panzer-belts) cable trenches in the pier
or wharf deck for the power conductors. Were aircraft carriers or other
ship types with |large deck overhangs are anticipated to be berthed, the
crane rail should be located so that all parts of the crane will clear the
deck overhang. For discussion of crane power conductors, see Naval

FaeiHties—Engineering—Cormand—NAVFAC-DM-38-—04M L- HDBK 1038/ 1, Wi ght
Handl i ng Equi pment. For trackage requirenents, refer to ML-HDBK 1005/ 86,

Trackage.

2.2.3.74 Railroad Tracks. For supply and amunition piers and wharves,
rail road service should be considered. Except where |ocal conditions
requi re ot herwi se, standard gage should be used for trackage. For
standard gage and spaci ng between adjacent tracks, see Naval Facilities
Engi neeri ng Comrand—NAVFAC-DBM-5-066 M L- HDBK 1005/ 6, Trackage—E—++
Engineering—Frackage. Wdth of piers and wharves shoul d be adequate to
all ow passing of trains and forklift trucks (or other material -handling
equi pnent). Al l owances should al so be nade for stored cargo and ot her
obstructi ons.

2.2.3.85 Trucks and Gther Vehicles. A variety of service trucks and
vehi cl es can be expected to use piers and wharves for noving personnel
cargo, containers, and supplies to and fromthe ships. The wi dth provided
nmust take into account operation and maneuvering of such vehicles.

Tur naround areas shoul d be provided.

2.2.3.96 Sheds and Buildings. Pier and wharf deck is usually too
expensive an area for storage sheds, which should therefore be |ocated on
land to be cost-effective. However, small buildings to provide for
berthi ng support and storage of equi pment nmay soneti nes need to be
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accommobdat ed on deck

2.2.3. 107 Movabl e Containers and Trailers. During active berthing of

shi ps, various containers of different sizes are tenporarily or
permanently | ocated on pier deck to support the operations. These include
shi pyard tool boxes, garbage dunpsters, training trailers, and supply
trucks. Adequate deck space should be available for |ocating and
accessing these containers and trailers.

2.2.3.118 Fire Lane. For piers, provide a 15-foot-w de unobstructed fire

| ane i ndependent of net operating width requirenments. Locate and mark the
| ane near the longitudinal pier centerline. For wharves, provide a 15-
foot-w de unobstructed fire |lane i mMmedi ately adjacent to the operating
area. These requirements sheuld-need not be applied to small craft or
yard craft piers.

2.2.3.129 Fuel -Handl i ng Equi pnent. At specified berths, stationary fuel-
handl i ng equi prent consi sting of self-adjusting | oading arnms are often
furnished to offload fuel products fromtankers to onshore storage
facilities. Pier or wharf width requirenments depend on equi prent sel ected
and facilities furnished.

2.2.3.136 Phased Mai ntenance Activities (PMA). At sone naval stations,
PVA performed at berthing—piers will be of significant magnitude.

Requi renments for space and pier or wharf dinmensions due to PMA should be
consi dered for these—piers |ocations. For additional infornmation, see
Naval Civil Engineering Laboratory NCEL TM 5, Advanced Pier Concepts,
Users Data Package and OPNAVI NST 4700.7J, “Maintenance Policy of Nava

Ships”. The four levels of PVA and their estimated space requirenments are
as follows and as detailed in Table 32.
a) Internediate Miintenance Availability (IMY). |MA consists of

renoval and repair of shipboard equi pment performed by Shore Internediate
Mai nt enance Activity (SIMA) personnel or tender forces, with a duration of
approximately 30 days. G oss deck requirenments range from 2000 to 3000
ft+2+square feet with work area dinensions varying from30 x 65 ft to 30 x
100 ft.

b) Planned Restricted Availability (PRA). PRA consists of
limted repairs of shipboard equi pnent and systens by contract forces
under Supervi sor of Shipbuilding and Repairs (SUPSHI P) control, with a
duration of 30 to 60 days. Gross deck area requirenments are about 10,800
square feet ft+2+ (35 x 310 ft). On a double deck pier with adequate
cl earance, about 5,000 square feet of comrand and storage area could be on
the | ower |evel

c) Selected Restricted Availability (SRA). SRA consists of
expanded repairs and/or nminor ship alterations to shipboard equi prent and
systems by SUPSHI P contract forces, with a duration of approxinmtely 60
days. Gross deck area requirenments are about 18,000 square feetft++2+ (35 X
515 ft). On a double-deck pier with adequate cl earance, about 5000
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f++2+square feet of comrand and operational area could be on the | ower
| evel

d) Regular Overhaul (ROH). ROH consists of nmjor repairs and
ship alterations to shipboard equi pnent and systens by SUPSHH P contract
forces, with a duration of six to eight nonths. G oss deck area
requi renents are about 23,000 square feetft+2+ (35 x 660 ft). In
addition, there would be a requirenment for turnaround areas on deck and
war ehousi ng off the pier or wharf. On a doubl e-deck pier, up to 8000
square feetft+2+ of comrand and operational area could be on the | ower
| evel .

Tabl e 23
Esti mat ed Space Requirenents for PMA

Activity PRA SRA ROH
COMVAND AREA

Mobi | e Admini stration Building - 2,800 5, 600
Par ki ng Area 250 250 500
Bi cycl e Racks 70 140 200

Subt ot al 320 3,120 6, 300

OPERATI NG AREA

Demi neral i zer - 1,500 1, 500
Bi | ge Water/Stripping Tank - 400 400
Dunpsters 1, 150 1, 440 1,730
Portabl e Solid-State CGenerators - 240 240
Air Conpressors 290 290 290
Vel di ng 1, 500 1, 500 1, 500
Fl ammabl e St orage 150 600 600
Transportation Laydown 600 900 1, 500
Crane Work 3, 850 3, 850 5, 250
Ofload Area (oils, fuels, etc.) 3,00 3, 600 4,500
Pot abl e Heads - 70 70
Addi ti onal Brow - 400 400
Subt ot al 10, 540 14, 790 17, 980

Tot al 10, 860 17,980 24, 280
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2.2.4 Slip Wdth.

2.2.4.1 Ceneral Considerations. The clear distance between piers, or
slip width, should be adequate to permt the safe docking and undocki ng
of the maxi mum si ze ships that are to be accommpdated in the slip. The
size of a slip should also pernit the safe maneuvering and worki ng of
tugboats, barges, lighters, and floating cranes. At nultiple berth

pi ers, where ships are docked either one per berth, two abreast per
berth, or nore, sufficient clearance should be available to pernit the
docki ng and undocki ng of ships at the inboard berth w thout interfering
with ships at the outboard berth. Because the size of a slip is affected
by docki ng and undocki ng maneuvers, consideration should be given to the
advice of local pilots who are familiar with the ships to be handl ed and
with prevailing environnental conditions such as wi nds, waves, swells,
and currents. Slip width is also influenced by the size and | ocation of
separators used between ship and structure and between ships. The width
shoul d be reviewed with specific functional requirements of the

i ndi vidual installation before a final determ nation is made.

2.2.4.2 Mnimum Wdth of Slip for Active Berthing Mninumslip w dth:
Location of honeport berthing facilities should allow nesting of DDG 51 /

CG 47 /| DD 963 / FFG 7 class ships. Mninumslip width for surface
conbatant multiple, nested configuration is 600-ft. (183m. Mnimmslip

width for single anphibious warfare and conbat | ogistic ship berths is
600-ft. (183n). {need to coordinate this info fromthe ITGwith Figure 3}.

2.2.4.3 For CUYN's, minimumw dth shall be 600 ft. with no other ships,
800 ft. with CVYN on opposite berth. Add 100 ft to width if ships are
berthed at the bow or stern.

2.2.4.4 Mnimmw dth should be the greater of the two di mensi ons shown
on Figure 3. Additionally, the width should not be I ess than 300 ft. The
recomended criteria are applicable only if ships are turned outside the
slip area. Refer to Fable—1-SH PS (ship characteristic database) on the
NAVFAC web site for the beam of typical ship types. At submarine slips,
wi dth requirenents should be increased by at |east four beamw dths to
account for canels and separators, to provide for ships' vulnerability if
their safety is involved, to provide for special maneuvering requirenents
of other ships during berthing or passing, and to provide for special
environnental conditions such as currents, waves, and wi nds. The

requi renents di scussed above apply where ships are berthed on both sides
of a slip. Were ships are berthed on only one side of a slip, the width
may be reduced. See Figure 3. Wien nore than two-abreast berthing is
enpl oyed, the width of slip should be increased by one ship beam for each
additi onal ship added in order to nmintain adequate cl earances between
nmoor ed shi ps during berthing and unberthing nmaneuvers. Thus, for three-
abreast berthing on both sides of a slip, the slip width for single-berth
piers would be equal to 10 tinmes ship beamand the slip width for

mul tiple-berth piers would be equal to 11 tines ship beam
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2.2.4.53 Mnimum Wdth of Slip for Inactive Berthing. At slips

contai ning inactive berths where ships are stored for |long periods of tine
on inactive status in nests of two, three, or nore, clear distances

bet ween nmoored ships and slip width nay be reduced by one or two ship
beans to reflect the reduction in the frequency of berthing maneuvers and
the decrease in activities of snmall boats and fl oati ng equi pnent.

2.2.5 Water Depth in Slips

2.2.5.1 Mninmum Depth of Water. 1In a sheltered site and where the site
bottom consi sts of soft material, the water depth in a slip, as measured
fromnmean | ow water (MW | evel or nean |lower |ow water (M.LW |evel,
shoul d be equal to the maxi num navigational draft of the ships to be
accommodat ed plus a mni mum cl earance of 4 ft. The maxi mum navi gati ona
draft represents the distance in ft, with the ship in the full | oad
condition, fromthe waterline to the keel, and bel ow the keel to enconpass
such projections as sonar dones, extending propellers, vertical submarine
control planes, and hydrofoils fitted to various type ships. For the

maxi mum navi gational draft of typical ship types, refer to—Fable2 SH PS
(ship characteristic database) on the NAVFAC web site. The m ni mum depth
of water for aircraft carriers (CV, CYN and fast conbat support ships
(ACE) should be 50 ft in order to reduce the extent of sea suction fouling
of condensers. Specified water depths should be maintained as close to
the fender line of the structure as is practicable considering the
accessibility of dredgi ng equi pmrent used during mai ntenance dredgi ng
operations. Mnimumslip depth -- 45 ft (13.7m. mnmin. at Extrene Low
Water (ELW. The requirenent at ELWis based on preventing groundi ng.

For CYN's provide minimumslip depth of 49.5 ft at Mean Lower Low \Water
(MLLW and 45.5 ft. at Extrene Low Water (ELW. Over tine, siltation
occurs in nost slips and should be quantified initially. The design depth

shoul d then be deeper than the mninumto accommpdate siltation over at
least 3 years. Siltation may be mitigated through advance nai nt enance
dredgi ng or other neans. Also, determ ne whether the proposed depth is
great enough to avoid interference with the vessel's hull and specia

el ectronic apparatus that m ght be attached. This depth provides
protection agai nst condenser fouling and groundi ng, and accommopdat e
variability in displacenent, list and trim See NAVSEA |Itr 11460 Ser
03D3/ 242, dated 3 Jan 95, “CVN 68 O ass Water Depth Requirenents”

2.2.5.2 (Cearance Considerations. The mninmclearance of 4 ft between
the ship and the bottomis applied in order to prevent groundi ng or damage
to the ship. The mnimmclearance of 4 ft is conprised of an all owance
of 1 ft for ship trimin loading, 1 ft for tidal variations, and 2 ft for
safety clearance. The mininumclearance of 4 ft should be increased if
any of the followi ng conditions prevail:

a) Harbor bottom consists of a hard material such as rock
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b) Excessive silting is 1 ft/year or nore.

c) Slip area is exposed to waves, swells, and w nds.

d) Extreme low water is 1 ft or nore | ower than MW (MLW.
2.2.6 Pier and Wharf Deck El evation. Deck el evation should be set as

hi gh as possible for surface ship berthing and as | ow as possible for
submari ne berthing, based on the follow ng considerations:

2.2.6.1 OverflewOvertopping To avoid overflow, deck elevations should be
set at a distance above nean hi gher high water (MHHW [evel equal to two
thirds of the naxi mum wave height, if any, plus a freeboard of at |east 3
ft. Bottomelevation of deck slab should be kept at least 1 ft above
extrene high water (EHW level. Wlere deck el evation sel ected woul d

result in pile caps or beans being subnerged partially or fully,

consi deration should be given to protecting the reinforcing from

corrodi ng.

2.2.6.2 Ship Freeboard. Consideration should be given to the varying
conditions of ship freeboard in relation to the use of brows and the
operation of |oading equi pnment such as conveyors, cranes, |oading arns,
and other material handling-equipnment. Fully |oaded ships at MW ( M.LW
level and lightly | oaded ships at MVHW (WMHHW | evel shoul d be consi dered
for evaluating the operation of such equi pnent.

2.2.6.3 Uilities. Deck elevations should be set high enough above HHW
levels to allow for adequate gradients in drai nage piping and to avoid

fl oodi ng of drainage and utility nmanhol es. —UtitidersUtility trenches,
utility tunnels, and vaults should be kept above MHW (MHHW | evel as much
as possi bl e.

2.2.6.4 Deck Elevation for CVN Berths. Deck elevation nust not conflict
with CYN elevators. Wen lowered, the | owest projection of the el evator
is 9.0 ft above the water for a fully |loaded CYN. Canels generally
provi de enough standoff to prevent interference. However, canels of
narrower width nay result in interference

2.2.6.45 Adj acent Land. Deck elevation should, if possible, be set as

cl ose as possible to the adjacent |and for snmooth access of nobil e cranes,
servi ce vehicles, personnel vehicles, and railroad. Ranps may be used to
access the deck set higher or |ower than adjacent land. A gradient |ess
than 15 percent may be used for such ranps when railroad access is not
provi ded. Ranps for pedestrian access should have a gradient |less than 12
hori zontal to 1 vertical, with 5 foot mninmumlandings for every 30 inches
of rise to conformto Federal ADA requirenents. Vertical curves should be
| arge enough so that |ong wheel base or |ong overhang vehicles do not high
center or drag. Were track-mounted cranes are specified, all the deck
areas serviced by the crane should be kept at the sanme el evation.

2.2.6.56 Special Situations. For doubl e-decked piers or wharves and in
situations where a sloping deck is contenplated (for gravity flow of sewer
lines), all the above considerations should be evaluated. The overfl ow
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criteria should be applied to the | ower deck of a doubl e-decked pier and
the | ow point of a sloping pier deck

2.3 Qper ati ons.
2.3.1 Rai | road and Crane Tracks. The nunber of railroad and crane

tracks required and type of weight-handling equi pnent furnished on piers
and wharves are dependent on the type of function, ships to be
accomopdat ed, ampunt of cargo to be handl ed, and rate of cargo transfer
Specific service requirenments of the individual installation should be
eval uated in conjunction with the follow ng considerations:

a) Railroad trackage should not be considered for use on berthing
pi ers and wharves (both active or inactive), except at stations where nost
cargo is received by rail, one or nore tracks nmay be considered for use on
active berthing piers. Wen there are existing railroad networks at the
station, tracks should be considered for installation on repair, fitting
out, ammunition and supply piers, and wharves.

b) Wien trackage is required al ong aprons of piers and wharves,
at least two tracks should be provided so that one track may be used as a
running track when the other track is occupied.

c¢) The use of wi de-gage crane service at repair, fitting out,
anmuni ti on and supply piers, and wharves shoul d be considered. Track gage
shoul d conformto gage of existing trackage on adjacent piers and wharves
to avoid creation of "captive" cranes. The nmerit of rail-nobunted crane
service should be evaluated in relation to nobile crane service for
berthi ng piers.

d) Were | oconptive cranes are used on piers and wharves, the
di stances between tracks and curbs should be increased to acconmpbdate the
tail swings of the crane.

e) Where sponsons or flight decks of aircraft carriers overhang
berthing facilities, railroad and crane tracks nust be kept clear of al
over hangs.

f) Railroad and crane trackage should not be considered for use
on piers and wharves used primarily for fueling operations.

g) Wien railroad and crane trackage is required on piers and
wharves, the spaci ngs shown on Figure 4 nmay be used as a gui de.

2.3.2 Mobile Cranes. All piers and wharves shoul d anticipate nobile
crane operations on deck, except fueling and degaussi ng/ depermn ng
facilities where a light-duty nobile crane and/or forklift truck is
sufficient. Typically, the cranes will be used to Iift light loads (5 to
10 tons) but at a longer reach. This requires a high-capacity crane. |If
the crane operations are not allowabl e because of wtitiders—utility
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trenches and trenches with |ight-duty covers, such areas should be clearly
mar ked and separated by a raised curb to prevent accidental usage.
Typical ly, nobile crane operators want to get as close as possible to the
edge of the pier or wharf to reduce the reach. However, the edges of

pi ers and wharves are also the best places for locating utility trenches
and wvtitidersutility trenches. This conflict can be resol ved by either
designing all utility covers to the high concentrated load fromthe nobile
crane (which can have a very high cost penalty) or by allow ng crane
operations in discrete and dedi cated spaces al ong the edges, as shown in
Figure 5. The conflict can also be resolved through two-story piers where
the utilities are kept in the Iower story, thus freeing up all the upper
story for crane operations. See the Navy Crane Center /P-307 for specific

i nformation.

2.3.3 Sheds and Support Buildings. Storage sheds and buil di ngs of any
ki nd shoul d be kept off piers and wharves unless their |ocation can be
justified by security considerations. Wen evaluating on-pier versus

upl and | ocations, the cost of the supporting pier deck should be included
in the on-pier option. Transit sheds may be consi dered on piers and
wharves where a suitable upland area is not avail able. Wen used on a
pier, the transit shed should be | ocated along the centerline with clear
aprons on both sides consistent with the requirenents set forth herein but

not less than 20 ft or nore wide. On wharves, transit sheds and support
bui | di ngs should be located on the | and-side edge with a clear apron
toward the waterside. |n general, support buildings on piers and wharves
shoul d be kept as snall as feasible and | ocated away from hi gh-activity
areas for least interference.
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2.3.4 Uilities. For design criteria of utilities on piers and
wharves, refer to Naval Facilities Engi neeri ng Command NAVFAC-DBM-25-02M L-
HDBK 1025/2, , Dockside Utilities for Ship Service. Usually, utility
connection points (hoods, vaults, or nounds) are |ocated and spaced al ong
the pier or wharf edge to be as close as possible to the ships' utility
termnals in the assumed berthing position. The connection points should
be planned and | ocated to acconmpbdate reasonabl e future changes in
berthing plan or in the type of ships served. Typical services are
freshwater (potable, industrial, cooling, etc.), saltwater, chilled water
hot water, steam sewer (storm sanitary, oily waste, etc.), air (high
pressure, |ow pressure, breathing, etc.), electrical power, conmunication
wiring, oil, and fuel. Al utility lines should be kept abeve-deck—where
they can be conveniently accessed from above deck. However, infrequently
accessed el ectrical equi pnent such as transforners can be |eft bel ow deck
in watertight vaults. \Were unavoi dable, stormand sanitary sewers
designed for gravity flow may be | ocated bel ow deck, but as close to the
deck as possible. Uility lines suspended bel ow deck are subject to
deterioration (of pipes as well as supports) from exposure to seawater and

ent angl ement fromfloating debris and ice. It is also very difficult and
expensive to inspect and service utility lines that do not function very
wel . The accomopdation of utility |lines above deck can be acconplished

in a nunber of ways:

2.3.4.1 UYtitidersUility Trenches These are basically protected trenches
runni ng al ong the watersi de edge of a pier or wharf accessed by renovabl e
covers fromthe top, as illustrated in Figure 6(A). In a pier, the lines
can go along one edge all the way to the end and be "I ooped” to the other
edge back to land. In a marginal—wharf, the lines can be supplied and
returned through snaller lateral "trenches." Were the nunber and size of
lines are | arge enough, a utility tunnel or gallery can be utilized with
access fromthe top or side. Wiere a fuel line is provided, it should be
kept in a separate trench for contai nment of |eaks.

2.3.4.2 Ballasted Deck. This concept, illustrated in Figure 6(B)
consists of a sloping deck filled with 1 ft 6 in. to 3 ft of crushed rock
bal | ast, which provides a convenient nmediumto bury the utility lines and
crane or rail trackage. The ballast is topped with concrete or asphalt
paving, which will provide a firmworking surface for operations. The
pavi ng and ball ast can be opened up and the lines can be serviced as is
done on city streets. Concrete pavers have been used successfully for
pavi ng bal | ast ed decks and provide i nproved access to utilities buried in
the wharf ballast. Future changes in utilities and trackage can sinmlarly
be acconmpdated. Also, the ballast helps to distribute concentrated | oad
to the deck slab, thus allowi ng heavier crane outrigger | oads.

2.3.4.3 Two-Story Deck. This concept, illustrated in Figure 7, isolates
the utility lines into the | ower deck along galleries which-that are
accessed continuously frominside the | ower deck. The upper deck is thus
clear of all utility lines and termnations and is free for other
activities.
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Utility Concepts
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2.3.5 Li ghti ng.

2.3.5.1 Light Poles. Above-pier lighting is needed for security, safety,
and support of nighttine pier activities. : : : : :
for—seecurity——Above- pi er deck lighting should be acconplished by a few
tall poles supporting a battery of light fixtures. The poles require

| arge concrete pedestals and hence should be | ocated so as not to be an
obstruction for pier operations. Light fixtures should be |ocated high
enough and shielded to light up the pier or wharf deck and watersi de edges
wi t hout blinding the ship's pilots during berthing operations.

2.3.5.2 Under Deck Lighting. Under pier lighting is required for
security. As with all under deck utilities, these lights are difficult to
mai nt ai n.

2.4 Landsi de Appr oaches.

2.4.1 Function. Approaches are required to provi de access from shore
to piers and wharves |ocated offshore. Usually, the approach is oriented
at right angles to the shoreline. Except in special situations,
approaches shoul d consist of open-type trestle structures that mnimze

i npedi ments to water flow and di sturbances to the characteristics and
ecol ogy of the shoreline. The nunber, w dth, and orientation of
approaches shoul d consider the volune of traffic flow, circulation of
traffic, existing roads on shoreside, fire | ane requirenments, and
interruption of service due to accidental collision damage to the
approach. As approaches are also used to route utilities to the pier or
wharf, the width of approaches will be further influenced by the space
requi renents of the utility Iines being carried. Vehicle and pedestrian
approach can usually be conbined on the same structure. However, where a
| ar ge nunber of personnel are anticipated to access the facility, a
separate pedestrian approach shoul d be consi dered.

2.4.2 Roadway Wdth. For infrequently accessed facilities (such as
deper m ng/ degaussi ng piers and wharves), the approach roadway shoul d have
a mnimmwdth of 10 ft curb to curb for one-lane vehicular traffic. An
additional 2-ft width or a separate wal kway 3 ft wi de attached to the
approach structure may be considered if a higher pedestrian vol une and
frequency of use can be expected.

a) For fueling piers and wharves, the approach should have a
m nimumw dth of 15 ft curb to curb for clear access of energency
vehi cl es.

b) For all other functional types, a two-way 24-ft-w de curb-to-

curb roadway should be provided. If two separate one-way approaches are
provided for a pier or wharf for incomng and outgoing traffic, each of
themmay be 12 ft wide curb to curb. |In any case, the approaches should

be w de enough to permt fast nmovenment of all vehicles anticipated for use
on the facility, including energency vehicles and nobile cranes.
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2.4.3 Wal kway Wdth. Separate wal kway structures should have a m ni num
clear width of 3 ft. Were the walkway is attached to a vehicle traffic
lane, a mnimumwi dth of 2 ft 6 in. clear, fromcurb to safety railing,
shoul d be provided.

2.4. 4 Roadway Deck El evation. The requirenments for pier and wharf deck
el evation are also applicable to the approaches. Were the adjacent |and
is higher or |ower than pier or wharf, the approach can be sloped up or
down to serve as a transition ranp. For approaches |onger than 100 ft,

the slope should be linited to 6 percent. For shorter approaches, the
maxi num sl ope shoul d be 8 percent, 12H 1V.

2.4.5 Nurmber of Approaches.

2.4.5.1 One Approach. For fueling and degaussing/ depermng facilities,
at | east one single-lane approach structure should be provided, unless the
facility is built as an island wharf or pier with access by watercraft.

2.4.5.2 Two Approaches.

a) Were volunes of vehicular novenents are |large, at |east two
approaches shoul d be provided to ensure continuous uninterrupted traffic
flows frompier or wharf to shore. At multiple-berth facilities, approach
structures at |east every 500 ft shoul d be considered.

b) Where the width of the pier or wharf is not sufficient to
permt turning of vehicles, two approaches should be provided. Thus,
vehicular traffic may enter and |leave the facility without having to turn
around. Cenerally, as it is easier for a truck in tight quarters to
negotiate a left turn, traffic patterns should be designed to favor |eft
turns.

2.4.5.3 Railroad Access. Wiere railroad access is planned, a separate
approach is not necessary. However, a separate wal kway shoul d be
consi der ed.

2.4.6 Turning Room At the intersection of approach and piers and
wharves, fillets or additional deck area should be provided at corners to
allow for ease in executing turns. Were a one-lane approach roadway is
provided as the only access, the pier or wharf should have sufficient
turnaround space on the facility so that outgoing vehicles do not have to
back out al ong the approach

2.4.7 Safety Barriers. On all approaches, provide safety barriers
adequate for the type of traffic using the facility (pedestrian
vehicular, and/or rail). However, safety barriers should not be provided
in areas where mission operations, such as ship or small-craft berthing,
are performed. Rail-only approaches do not nornally require safety
barriers. Provide traffic barriers between pedestrian and traffic | anes.
Provide anti-terrorismbarriers at entrances to piers or waterfront
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secured areas and avoid straight uni npedded | anes at access ways that
woul d al |l ow hi gh speed forced entry. See ML-HDBK 1013/14, Sel ection and
Application of Vehicle Barriers for guidance, such as dropping armor pop-

up barriers. Traffic and pedestrian barrier design shall conformto
AASHTO Cui de Specifications for Bridge Railings and AASHTO Bri dge Gui de
and Manual Interim Specifications.

2.5 Structural Types.

2.5.1 Ceneral. The three major structural types for piers and wharves
are open, solid, and floating. Open-type piers and wharves are pile-
supported platformstructures that allow water to fl ow underneath. Figure

8(A) illustrates the open type. Solid type uses a retaining structure
such as anchored sheet pile walls or quay walls, behind which a fill is
placed to formthe working surface. Solid type will prevent stream fl ow
underneath. Figure 8(B) illustrates the solid structural type. Floating

type is a pontoon structure that is anchored to the seabed through spud
piles or tension lines and connected to the shore by bridges or ranps.
The top of the pontoon can be utilized as the working deck, as shown in
Figure 9(A), or a separate col umm-supported worki ng deck can be
constructed on top of the pontoon, as shown in Figure 9(B). Floating
structures by definition are not affected by tidal fluctuations, but they
do interrupt the streanflow to sone extent. All structure types can be
either single or double |evel
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2.5.2 Conbi nati on of Types. Open and solid type can be conbi ned al ong
the length or across the width of piers and wharves where feasible and
advant ageous, as shown in Figure 10. However, it is not advisable to
conbine the floating type with the others.

2.5.3 Sel ection of Type. Several factors influence the selection of
one structural type over the other. Each of these factors should be

eval uat ed agai nst the construction and operating costs of the facility
before a final decision is nmade on the structural type. G eater enphasis
shoul d be placed on selecting the type that will w thstand unexpected
berthing forces and adverse neteorol ogi cal and hydrol ogi cal conditions,
and will require little or no maintenance. The geotechni cal
characteristics of a given site, and econonic analysis of alternate
structural types will often dictate structural requirenents. For

i nstance, in areas with poor near surface soils but with good end
bearing for piles, an open pile supported structure with a shall ow
back bul khead (or no bul khead) will be nbst econom cal. Conversely,
in areas with good near surface soils and poor pile bearing, a solid
bul khead may be nore econoni cal

2.5.3.1 Shoreline Preservation. The structural type is seriously

i nfluenced by aquatic and plant [ife existing along the shore of the
pl anned facility. 1In environnmentally sensitive areas such as river
estuaries, the solid-type wharf, which would disturb or destroy a
consi derabl e I ength of shoreline, should not be considered. The open
structural type, which would have the | east inpact on the shoreline,
shoul d be sel ect ed.

2.5.3.2 Bulkhead Line. When the facility extends outshore off an

est abl i shed bul khead line, which is the linit beyond whi ch continuous
solid-type construction is not permtted, open-type construction should be
used.

2.5.3.3 Tidal or StreamPrisms. Were it is required to mnimze
restrictions of a tidal or streamprism which is the total anount of
water flowing into a harbor or streamand out again during a tidal cycle,
open-type construction shoul d be used.

2.5.3.4 Littoral Drift. Along shores where littoral currents
transporting sand, gravel, and silt are present, open-type construction
shoul d be used to mitigate shoreline erosion and accretion

2.5.3.5 lce. In general, open-type structures are vul nerable and should
be carefully investigated at sites where heavy accunul ati ons of sheet or
drift ice occur. Also, when adfreezed ice thaws, |arge blocks of ice nay
slide down the piling, inpacting on adjacent batter or plunb piles. Thus,
the solid type may be preferable at such sites.

2.5.3.6 Earthquake. [In areas of high seismc activity, construction
utilizing sheet pile bul kheads or walls should be carefully considered
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because of the high lateral earth pressures that can devel op on the sheet
piling. Wien a pile-supported platform (with curtain wall) is used for a
wharf structure in conjunction with hydraulic fill which is susceptible to
i quefaction, a rock di ke should be considered to resist the |lateral
forces that may be caused by l|iquefaction of the fill. The use of a
filter fabric between the rock dike and granular fill should al so be
considered. 1In areas of extrenely high seismic risk, and where tsunams
and seiches are anticipated, the floating type should be given serious
consideration as it is less likely to be affected by or will suffer only
m nor damage fromthe seismic activity. Reference Technical Report
(TR) 2069, Design Criteria for Earthquake Hazard Mtigation of Navy
Pi ers and Warves; ASCE Monograph 12, Seisnic Design Cuidelines for
Ports; and TR 2103, Seismc Criteria for California Marine Q|

Term nals. Both are avail able on NFESC s website,

http://ww. nfesc. navy. m |/ pub_news/abstract. htm
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2.5.3.7 Wat er Depths. Open-type construction should be considered in
all depths of water for facilities accommbdati ng naval vessels, cargo
vessel s, and tankers expected to call at naval facilities. Depth linmts
for solid-type construction, utilizing sheet pile bul kheads, are inposed
by the magnitude of the applied surcharge, subsurface conditions, and
freeboard of the bul khead above the | ow waterline. GCenerally, anchored
sheet pile bul kheads may be considered in water depths up to 30 to 35 ft,
where favorable soil conditions exist. Wen greater water depths are
required at solid-type bul khead structures, consideration should be given
to the use of relieving platforms, bul kheads consisting of reinforced

hi gh-strength steel sheet piles, and cellular construction. Conbi nation
pi pe-z bul khead may becone econonical for depths from35 ft. to 60

ft. depending on soil conditions. Wiere the water is very deep close
to the shore and requires very long piles for open type, the floating
type, which is unaffected by water depth, may be nore econonical. For

additional design criteria, refer to Naval Facilities Engi neering Conmand
NAVFAC DM 25. 04, Seawal | s, Bul kheads and Quaywal | s.

2.5.3.8 Subsurface Conditions. Cenerally, subsurface conditions do not
limt the use of open-type construction. For alnost all subsurface
conditions, with the possible exception of rock close to the harbor bottom
surface, suitable piles or caissons can be designed to carry the dead and
live loads into the foundation naterial below \here rock is close to the
surface and pile seating may be difficult and costly, cellular
construction should be considered. Wen open-type construction nust be
used in an area where rock is close to the surface, piles should be
suitably socketed and anchored into the rock. Sheet piling, used for

bul kheads or retaining walls in conjunction with platformwharf structures
or conbi nation piers, should be considered only when subsurface conditions
i ndi cate that suitable anchorage and restraint for the toe of the sheet
piling can be achieved and where select naterial is available for

backfill.

2.5.3.9 Fill Loss. \When precast concrete and steel sheet pile bul kheads
are used in pier and wharf construction, special care should be given to
preventing fill leaching through the interlocks, causing subsidence of
retained fill. A filter blanket or other nethod that could prevent or
control fill Ileaching should be installed to reduce subsi dence and

consequent pavi ng mai nt enance.

2.5.3.10 Advance Bases and Renpte Areas. For advance bases, where
rapidity of construction is required, open piers and wharves of the

tenpl ate or jackup barge type should be considered. Based on past
experiences, it is estimated that a prefabricated tenplate-type structure,
90 ft wide x 600 ft long, could be erected in about 21 days and a
structure of the jack-up type could be erected in about 3 days. An

advant age of the jack-up barge structure is that it can be noved and
reused at other sites. For pernanent facilities in renpte areas, the
floating type has advantages as the on-site construction is mnimnzed.
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2.5.3.11 Construction Tine. Were an existing pier or wharf has to be
replaced in active naval stations, the floating type has the advantage of
mnimzing the "downtinme."” Conventional construction may take too | ong
where the | oss of berths cannot be tolerated. The floating type in such
situations may turn out to be the nost expedient.

2.5.3.12 Ship Contact. 1In certain situations, where tugboats or canels
are not avail able, sheet pile bul kheads | ocated al ong the outshore face of
pi er and wharf structures nay be | ess desirable than open-type
construction because of the greater danger for contact between the sheet
piling and the bul bous bow or sonar dome of a ship during berthing and
unbert hi ng maneuvers.

2.5.3.13 Track-Munted Crane. Where a track-nounted crane is required
for the pier or wharf, the solid type may not be suitable. The
susceptibility of the solid filled type to settlenment and novenment will
meke it very difficult to maintain the close tolerance required for rai
gage, elevation, and alignnent. The surcharge |oading on the sheet pile
will also be considerable. For such cases, an independent pile-supported
track should be utilized.

2.5.4 Construction. Several aspects of construction that are unique to
each structural type should be considered as part of the facility planning
phase.

2.5.4.1 Open. For open-type marginal wharves and | andsi de ends of open
piers, the follow ng schenmes shoul d be considered for retaining upland
fill:

a) Platformon Piles and a Curtain Wall at the Onshore Face. See
Figure 11(A). The underwater slope should be as steep as possible, as
limted by both constructional and geotechnical paraneters, thus naking
the pile-supported platformnarrow and nore economical. |In seisnically
active areas, where hydraulic fill susceptible to liquefaction is used for
upland fill, a rock dike may be used instead of the granular fill dike to
resist the lateral forces caused by liquefaction of the fill. The use of
a filter fabric also should be considered at the hydraulic fill interface.

b) Platformon Pile and a Sheet Pile Bul khead at the Inshore
Face. See Figure 11(B). The sheet pile bul khead permts a narrower
platform The cost tradeoff between platformw dth and bul khead hei ght
shoul d be investigated as the bul khead may be found to cost as nuch or
nore than the pil esupported platformw dth it saves.

2.5.4.2 Solid. Retaining structures nmay be constructed by the follow ng
neans:

a) Sheet Pile Bul khead. See Figure 12(A). The bul khead consi sts
of a flexible wall forned of steel or concrete sheet piling with
i nterl ocking tongue and groove joints and a cap of steel or concrete
construction. The bul khead is restrained fromoutward novenent by pl aci ng
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an anchorage system above the |ow water |evel. Mny types of anchorage
systens can be used. The nbst comon types in use in the United States
consi st of anchor rods and deadman anchors. The latter could be made of
concrete bl ocks, steel sheet piling, or A-frames of steel, concrete, or
timber piles. ' e —04——1In
countries outside the United States,
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an anchorage system consisting of piles, attached near the top of the
sheet pile bul khead and extending at a i-en-31-stepe-batters up to 1 on 1
to enbednent in firmmterial, is often used. Rock or earth anchors
consi sting of high-strength steel rods or steel prestressing cables are
sonmetines preferred in place of the anchor batter piles.

b) Sheet Pile Bul khead and Relieving Platform The relieving
platformis used in conjunction with a sheet pile bul khead to reduce the
|ateral | oad on the sheet piling created by heavy surcharges and earth
pressures. As shown on Figure 12(B), lateral restraint is provided by the
batter piles supporting the relieving platform A variation of this type
of construction is to use only vertical piles for the relieving platform
and to furnish an i ndependent anchorage system consisting of tie rods and
deadman, simlar to the types specified for sheet pile bul kheads.

c) Cellular Construction Consisting of Sheet Pile Cells. See
Figure 13. For further discussion of sheet pile cells, see Section 4,
paragraph 4.5.4, and Naval Facilities Engineering Conmand NAVFAC DM 7. 02,
Foundations and Earth Structures.

d) Reinforced Concrete Caisson. See Figure 14(A). In this type
of construction, concrete caissons are cast in the dry, |aunched, and
floated to the construction site where they are sunk on a prepared
foundation. The caisson is filled with gravel or rock and a cast-in-place
retaining wall is placed fromthe top of the caisson to the finished
grade. This type of construction is prevalent in countries outside the
Uni ted States.

e) Precast Concrete Blocks. See Figure 14(B). This form of
solid wharf is a gravity-type wall made up of |arge precast concrete
bl ocks resting on a prepared bed on the harbor bottom A select fill of
granular material is usually placed in the back of the wall to reduce
| ateral earth pressures. This type of construction is popular outside the
Uni ted States.

2.5.4.3 Floating. Construction of the floating type usually requires a
fl ood basin, graving dock, or drydock. The units are essentially
constructed in the dry and floated out and transported (on their own or on
barges) to the site. Availability of such a facility and transportation
of the floating units through open ocean waters and restricted inland

wat ers for deploynent at the site are serious considerations. In this
respect, the floating type has a significant advantage over others in that
the bul k of construction activity can be shifted to other parts of the
country where | abor, econonic, and environmental conditions are nore
favorable. Oher concepts of construction such as barge-nount ed
construction and floating-formconstruction are described in Naval Civi
Engi neeri ng Laboratory NCEL UG 0007, Advanced Pier Concepts, Users GCuide.
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2.5.4.4 Hydraulic Fill. The soil drawn up by the suction head of a
dredge, punped with water through a pipe, and deposited in an area being
filled or reclained is referred to as "hydraulic fill." At port and

terminal facilities, where land is not avail abl e onshore and where
dredging is required to provi de adequate water depths for vessels at
berths and approach channels, hydraulic fill is commonly used for |and
recl amati on because of its availability and I ow cost. Hydraulic fill may
be of good quality, consisting of granular materials, or nay consist of
plastic organic silt, which is considered poor quality. Wen hydraulic
fill is used, the stability of the structure retaining the fill must be

i nvestigated, taking into consideration the effects of adjacent surcharge
| oadings in addition to the loadings fromthe fill. The placenment of a
select granular fill adjacent to the retaining structure, as shown on
Figures 11 through 14, may be required if the hydraulic fill is of poor
quality. Hydraulic fill is in a |oose condition when placed. To avoid
fill settlenents due to | oadings fromother structures, stacked cargoes,
and nobil e equi pnent, stabilization of the fill may be required. In areas
of seismc activity, the liquefaction of hydraulic fills should be

i nvestigated. Stability with regard to both settlenments and |iquefaction
may be enhanced by net hods such as deep densification or by use of sand
drains. See NavalFaeciHities Enrgineering—ComranrdNAVFAC BM-7-063M L- HDBK
1007/ 3, Soil Dynam cs, Deep Stabilization, and Special Geotechnica
Construction. Material other than hydraulic fill should be used when the
cost of material obtained fromonshore borrow areas is cheaper than the
cost of material obtained from of fshore borrow areas or where good quality
fill material is required and is not available offshore. For additiona
design and construction consideration on fill construction, refer to Nava
Facilities Engi neering Conmand NAVFAC DM 7. 01, Soil Mechani cs.
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Section 3. LQAD REQUI REMENTS

3.1 Ceneral. Load requirenents for piers and wharves are provided
herein. Where |oading conditions exist that are not specifically
identified herein, the designer should rely on accepted industry
standards. However, in no case should other standards supercede the
requi renents provided by the M L-HDBK

3.4%2 Dead Loads.

3.22.1 General . The dead | oad consists of the weight of the entire
structure, including all the permanent attachnents such as npori ng
hardware, light poles, utility boons, brows, platforns, vaults, sheds, and
service utility lines. A realistic assessnent of all present and future
attachnents shoul d be nade and included. Design of fixed piers and
wharves is usually controlled by live |load and lateral |oad requirenents.
Hence, overestimtion of dead |oads generally will not adversely affect
the cost of the structure. However, overestimation of dead |oads will be
unconservative for tension or uplift controlled design. Al so, for
floating piers and wharves, overestimating of dead loads will lead to
significant cost penalties.

3.42.2 Unit Weights. Actual and avail able construction material weights
shoul d be used for design. The following unit weights should be used for
construction materials (unless |esser unit weights can be denonstrated by

| ocal experience):

Steel or cast steel 490 pcf
Cast iron 450 pcf
Al unmi num al | oys 175 pcf
Ti mber (untreated) 40 to 50 pcf
Ti mber (treated) 45 to 60 pcf
Concrete, reinforced (normal weight) 145 to 160 pcf
Concrete, reinforced (lightweight) 90 to 120 pcf
Conpacted sand, earth, gravel, or ballast 150 pcf
Asphal t pavi ng 135 to 150 pcf
3.23 Vertical Live Loads.
3.23.1 Uni form Loadi ng. See Table 4 for reconmmended uniform | oadi ngs
for piers and wharves. Inpact is not applied when designing for uniform
| oads.
3.23.2 Truck Loading. Truck |oadings, as shown in Figure 15, are in

accordance with the American Association of State Hi ghway and
Transportation Oficials (AASHTO Standard Specifications for H ghway
Bridges. Al piers and wharves shoul d be designed for HS 20-44 wheel

|l oads. 1In the design of slabs, beanms, and pile caps, an inpact factor of
15 percent should be applied. Structural elenments below the pile caps
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need not be designed for inpact. Wen truck loading is transferred
through 1 ft 6 in. or nore of crushed rock ballast and paving, and for
filled construction, the inpact forces need not be considered for design
Check with local activity for use of an overload vehicle such as weapons
cradles, missile hauling vehicles, etc. Vehicles of this type may have
significantly higher wheel and axial |oads.

3.23.3 Rai | - Mount ed Crane Loadi ng. |

3.23.3.1 Portal Cranes. See Figure 16 for wheel |oads of portal cranes |
and Table 4 for the rated capacities of portal cranes applicable to piers
and whar ves.

Tabl e 43 |
Vertical Live Loads for Pier and Warf Decks
Classification Uniform Mbile Crane Rai | - Mount ed O her Handl i ng
Loadi ng (tons) Crane Equi pnment
(psf) (long tons) (tons)
Ammuni tion 600 90 -- 20-1ift truck
Berthing (carriers) 800 140 -- 20-1ift truck
Berthing (all 600 90 -- 20-1ift truck
ot hers)
Bert hi ng 600 90 -- 20-1ift truck
(submari nes)
Fitting-out 800 140 50 Portal 20-1ift truck
Repai r 600 140 50 Portal 20-1ift truck
Fuel i ng 300 50 -- 10-1ift truck
Supply (general 750 140 -- 20-1ift truck
car go)
Supply (contai ners) 1, 000 140 40 Cont ai ner 20-1ift truck
33-straddl e
carrier

3.23.3.2 Container Cranes. See Figure 17 for wheel |oads of container |
cranes and Table 4 for the rated capacities of container cranes applicable
to piers and wharves. The data shown were derived from several operating
cranes and can be used only for concept study and prelimnary design

Cranes of varying capacities, configurations, and gages are avail abl e.

Hence, nore specific information should be obtained from crane

manuf acturers for final design. Recent tendency in container crane design
has been to increase the gage and reach while nmaintaining the lift

capacity between 40 and 50 tons. The increase in gage will |lead to higher
dead wei ght of the crane and may result in higher wheel | oads.

3.23.3.3 Whieel Load Uncertainty. Portal and container cranes are usually |
procured separately fromthe construction funds. The expected wheel | oads
may not be specified on the crane procurenment docunents. The actual whee

| oads may therefore be higher than anticipated by the facility designer

The nunber and spacing of wheels are critical to the structural capacity

of an existing facility and structural design of a new facility. Having
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est ablished the required capacity and configuration of a crane, the
designer of a pier or wharf should consult with the naval agency in charge
of crane procurenent and obtain wheel |oads for which the supporting
structure should be designed. |In the absence of hard information, the

| oads presented in Figures 16 and 17 shoul d be increased by 10 percent or
nore for the design of the facility.

3.23.3.4 lnpact. An inpact factor of 20-25 percent should be applied to

the maxi mum|listed wheel |oads for the design of deck slab, crane girders,
and pile caps. The inpact factor is not applicable to the design of piles
and ot her substructure el ement s—Aso,—forfitHled structures—or—where
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3.23. 4 Truck Crane Loadings. The deck design for open and floating
structural types of piers and wharves is usually controlled by truck crane
| oadi ng. However, the operational constraints inposed by under specifying

truck crane | oadings are severe. Consequently, care should be taken to
specify realistic loading. Refer to Table 4 for designated truck cranes
applicable to each functional type of pier and wharf. As a mninumthe
pi er or wharvf should be designed for the designated truck crane, however,
t he design should confirmwith the |local activity that a crane |larger than

that designated is not available at the facility.

3.23.4.1 Wieel Loads. See Figure 18 for wheel |oads and Table 5 for
outrigger float |loads from50-, 70-, 90-, 115-, and 140-ton capacity truck
cranes. Tire contact area should be as defined by AASTHO. As a rule of

t hunmb, ground pressures for "on rubber" lifts are about 10 percent higher
than tire inflation pressure. Crane nanufacturers recomrend that the
majority of lifts be made on outriggers. |In addition, capacities for
rubber” lifts are substantially less than for "on outrigger” lifts.

on

Hence, | oads for "on rubber" |lifts are not listed. Al

applicable to each functional type of pier-and wharf.

pi ers and wharves
and their approaches should be designed for the wheel [oads fromthe

desi gnat ed truck crane. —Refer—toTable 4 for—designatedtruck——eranes

Tabl e 54 |
Qutrigger Float Loads for Mbile Cranes
Capacity Radi us Boom Boom Over Boom Over Boom Over
(tons) (ft) Lengt h Cor ner Back (ea) Si de (ea)
(ft) (1 bs) (1bs) (1 bs)
50 25 and | ess 40 112, 000 98, 000 95, 000
30 40 106, 400 93, 600 90, 200
40 40 94, 100 83, 200 80, 300
50 50 90, 700 79, 800 76, 900
60 and nore 60 87, 400 76, 900 74,100
70 20 and | ess 40 151, 000 124, 000 113, 500
30 40 125, 300 102, 900 94, 200
40 40 108, 700 89, 300 81, 700
50 and nore 50 102, 000 83, 700 76, 600
90 20 and | ess 50 187, 000 146, 500 137, 500
30 50 160, 800 127, 500 119, 600
40 50 140, 300 109, 900 103, 100
50 and nore 50 130, 900 102, 500 96, 200
115 20 and | ess 50 241, 500 198, 000 186, 000
30 50 181, 100 148, 500 139, 100
40 50 154, 600 126, 800 119, 100
50 and nore 50 144, 900 118, 800 111, 600
140 25 and | ess 50 233, 500 206, 500 200, 500
30 50 221, 800 198, 200 192, 500
40 50 198, 500 175, 500 170, 400
50 50 181, 000 161, 100 156, 400
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Capacity Radi us Boom Boom Over Boom Over Boom Over
(tons) (ft) Lengt h Cor ner Back (ea) Si de (ea)
(ft) (1 bs) (1 bs) (1bs)
60 and nore 60 177, 500 156, 900 152, 400
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Wheel Loads for Container Cranes
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CRANE TRAVELING - BOOM OVER FRONT

_ ¢ DIMENSIONS
| A B C D
/4,1 17-8" (x1"y) 30 TON |7-10"/18"6" [i18. 68" (4% 6" 22"
7O TON| 8.-8" 206" 18'-8" |4'-6" [2'-2
CORNER I CORNER :
/ SIDE § 3 90 TON|B-9" | 208" 192" 8 0"]2'-4
=l 8 8 113 ToN | 8'-9" | 21 8% [19'.2" | 5'-0"|2"- &'
- v 140 TON| 8'.9"] 21'-8"} 19"-2" | 5'. 0" 2" _g"
= (1)
P g <@
w o
\&=T3
CORNER |
17-8" (£1")  [RCORNER
D
FLOAT SIZE EXE
FRONT BUMPER FLOAT
REQUIRED IN THIS RANGE
CRANE TRAVELING- RUBBER TIRE WHEEL LOADS (LBS)
. BOOM OVER FRONT BOOM OVER REAR
CRANE| 11ggs [ Po0M | TOTAL = en | cach EACH EACH
CAPACITY LENGTHIWEISHT | c20NT | REAR | FRONT REAR
w. size | (FT) | (LBS) [gNGLE TIRE| DUAL TIRE|SINGLE TIRE | DUAL TIRE
50 TON {12 1400-20] 40 107,566 3,024 21,868 10,164 16,727
70 TON |12 14.00.20] &0 114 580 4,683 23 963 12,780 15 868
90 TON[IZ 1500-24] 80 136,789 6,107 28,09 12.118 22 083
IISTON|IZ I400-24] S50 163,190 4581 36,277 15,818 25,280
I40TON| 12 1400-24] 50 168,821 6,711 3%, 494 i3,759 28,447
Figure 18
Wheel Loads for Truck Cranes
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3.23.4.2 CQutrigger Float Loads. Table 5 lists outrigger float |oads for
different capacity cranes. The nmaxi mum single float | oad froma boom over
corner position and nmaxi num concurrent pair of float |oads froma boom
over side and back positions are listed. Typically, the float |oads are
at the maxi mumwhen lifting the rated |oad at a short radius (20 to 25 ft)
and should be used for design. However, for existing piers and wharves,
the other listed | oads may be used to anal yze deck capacity. Qutrigger
float | oads should be applied to an 1.5 foot by 1.5 foot area unless
actual float size is known, in which case the actual float size should be
used for analysis.

3.23.4.3 lnpact. An inpact factor of 15 percent shoul d be applied for al
wheel | oads when designing slab, beans, and pile caps. An inpact factor
of 25% should be applied to the maxi num outrigger |load or an inpact factor
of 30% applied to the rated Iift capacity should be used which ever
produces the greatest stress. The inpact factor is not applicable to
pil es and ot her substructure el enents. The inpact factor need not be
appl i ed when designing for outrigger float |oads and for design of filled
structures, and where wheel |oads are distributed through paving and
ballast (1 ft 6 in. or nore).

3.23.5 Forklift and Straddl e Carrier Loadi ngs.

3.23.5.1 Forklifts. See Figure 19 for wheel |oads fromforklifts and
Table 4 for designated forklifts applicable to piers and wharves. Contact
areas for wheel |oads should be deternmined in accordance with AASTHO.  For
hard rubber wheels or other wheels not inflated, the wheel contact are
shoul d be assuned to be a point | oad.

3.23.5.2 Straddle Carriers. See Figure 20 for wheel |oads for a straddle
carrier and Table 4 for straddle carriers applicable to piers and wharves.
The straddle carrier shown is capable of lifting a | oaded 20-ft contai ner

or a | oaded 40-ft contai ner. —Fer—ether—types—of straddle—carriers,—see
12513, C L Cities.

3.23.5.3 Inpact. An inpact factor of 15 percent should be applied to the
maxi mum wheel | oads in the design of slabs, beans and pile caps. The

i npact factor is not applicable for the design of piles and other
substructure elenents, for filled structures, and where wheel |oads are

di stributed through paving and ballast (1 ft 6 in. or nore).

3.23.6 Loadi ng on Railroad Tracks. For freight car wheel |oads, use
a live load of 8000 | bs/ft of track corresponding to Cooper E-80
designation of the American Railway Engineering Association (AREA) Manua
for Railway Engineering. |In the design of slabs, girders, and pile caps,
an inpact factor of 20 percent should be applied. Inpact is not
applicable for the design of piles and filled structures, or where | oads
are distributed through paving and ballast (1 ft 6 in. or nore).
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3.23.7 Buoyancy. Typically, piers and wharf decks are not kept |ow |
enough to be subjected to buoyant forces. However, portions of the
structure, such as wtiHdersutility trenches and vaults, may be | ow enough |
to be subject to buoyancy forces, which are essentially uplift forces
applied at the rate of 64 pounds per square foot of plan area for every

foot of subnergence bel ow water |evel.
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MAXIMUM| LOAD | SERVICE | TURNING | WHEEL- L\'HEEL %m%
LOAD CENTER| WEIGHT | RADIUS [BASE (WB)ISPAC.{ NGLE TIRE| DUAL TIRE
(L) LINY (L83} {FT-IN} (FT>5N) {FT=IN) (LB3) 1LB3.)
10,000 24 15,000 12-10 a-3 6-3 2,000 10,500

12,000 24 16,000 12-10 8-3 6-3 2,500 11,500
15,000 24 19,000 13-0 8-9 6-4 2500 14,300
16,000 24 19,500 13-0 8-9 6-4 2,500 13,250
20,000 2% 20000) 14-0 2-6 6-4 2,500 7,500
24,000 24 28300 14-9 10-0 6-4 2,500 22,150
30,000 24 34,000 15-3 10-9 6-6 3,000 29,000
40,000 36 63,000 14-11 10-0 8-0 2,500 49 000
Figure 19

wWheel Loads for Forklifts
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DEAD WEIGHT 67,000 LBS
SERVICE WEIGHT 89,000 LBS
WHEEL LOAD-EACH 26,000 LBS
OVERALL WIDTH (8} 13'- 4"
WHEELBASE (c) 13'- 4"
WHEEL CENTERS {D} -6°
INSIDE TURNING RADIUS (H) - 3°
OUT SIDE TURNING (20f1.CONTAINER ) (I) 27-10"
QUTSIDE TURNING {40¢t. CONTAINER) (J) 33-4"
MINIMUM (20 ft CONTAINER) (K) 19'- 4~
MINIMUM (40t CONTAINER) (L) 25-4"

Figure 20
Wheel Loads for Straddle Carriers
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3.3.8 Wave Loading. For piers and wharves exposed to waves whi ch may
produce significant lateral or hydrostatic forces, determ ne wave | oadi ng
in accordance with the procedures defined in the Arny Corps of Engineers,
Shore Protections Manual

3.23.89 Application of Loadings.

3.23.89.1 Concentrated Loads. Wieel |oads and outrigger float |oads from
desi gnated pneumatic-tired equi prment, such as trucks, truck cranes,
forklifts, and straddle carriers, should be applied at any point on a pier
or wharf deck. The equipnment nay be oriented in any direction and the
orientation causing the nmaxi nrumforces on the structural nenbers should be
consi dered for design. For one-way flat slabs see NCEL R-935, Latera

Load Distribution on One-Way Fl at Sl ab

3.23.89.2 Simul taneous Loads. Cenerally, uniformand concentrated |ive

| oads should be applied in a |ogical manner. Designated uniformlive

| oadi ngs and concentrated |ive |oading frompneunatic-tired equi pnent
shoul d not be applied sinultaneously in the same area. However, uniform
live load should be assunmed between crane tracks (for 80 percent of gage).
When railroad tracks are present between crane tracks, both track | oads
shoul d be applied sinultaneously. However, the maxi mum | oads from each
track need not be assuned.

3.23.89.3 Skip Loading. For deternmining the shear and bending nonments in
conti nuous nenbers, the designated uniformloadings should be applied only
on those spans whi ch produce the maxi num effect.

3.23.89.4 Citical Loadings. Concentrated |oads fromtrucks, mobile
cranes, forklifts, and straddle carriers, including nmobile crane fl oat

| oads, are generally critical for the design of short spans such as deck
sl abs and trench covers. Uniforml oading, nobile crane float | oading,
rail -nmounted crane | oading, and railroad |oading are generally critica
for the design of beans, pile caps, and supporting piles.

3.34 Hori zont al Loads.

3.34.1 Berthing Load. Ships are usually brought in with the assistance
of two or nore tugboats while berthing to a pier or wharf. Wnd, current,
wave, and tidal forces acting on the ship at the tinme of berthing eause
theship-toinpactthe pier—or—wharf effect the approach velocity of the

vessel as it nears the berth. To reduce the berthing—energy—and-force
transmitted to the structure, usually a fender system (fender units,

fender piles, canels, and other energy-absorbing nmechani sns) is used
between the ship and structure to absorb the kinetic energy of the noving
vessel . The nagnitude and | ocation of the actual force transnmitted to the
structure will depend on the type of structure, type of ship, approach

vel ocity, approach angle, and fender system enpl oyed. Conputer sinulation
nodel s are avail abl e which provide a three-degree of freedom nunerica
nodel for tine-domain sinulation of inpact forces on fendering systens.
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These sinul ation nodels evaluate the notion of the berthing vessel in the
time domai n using the inpul se-response nethod, which accounts for the
appropri ate hydrodynam c reaction forces that act on the vessel during
berthing. The effectiveness of this nethod has been denpnstrated in
physi cal nodel test and field nmeasurenments. |In the absence of reliable
scal e nodel test and/or conputer sinmulation prograns, the approach
described in Section 5, paragraph 5.2, should be followed for cal culation
of berthing | oads.

3.34.2 Mooring Loads. Forces acting on a noored ship are produced by
Wi nds, currents, and waves, tides, and water |evel changes. The

determ nation of nooring |oads involves an evaluation of many vari abl es

i ncluding direction and magni tude of w nds, currents, and waves; exposure
of the berth and orientation of the vessel; nunber and spacing of mooring
poi nts such as bollards and cleats; |ayout of mooring lines; and
elasticity of nooring lines and the |oad condition of the vessel (light,
bal | asted, or loaded). 1In sheltered waters where piers and wharves are
usual |y constructed, w nd generated wave forces are not significant and
may be ignored. However, at piers and wharves where vessels are aligned
adj acent to navi gabl e channels, surge from passing ships may need to be
consi dered. The current and wi nd | oad conmponents of the moored ship are

usually significant and shoul d be cal cul at ed separately Comrsuter

F&GFFFPFGS———FOFCGS due to mnnds currents and waves acting on noored
ShIpS should be estlnated in accordance with the nethods dlscussed in

PhySFG&F—&HG—E#BFFFG&F—D&F& M L HDBK 1026/4 Nborrng Desrgn
AHt-erratively,—or—when—deenred—necessary—nporing Mooring forces may be

approxi mated by the nethods di scussed bel ow. The nooring forces so
determ ned may be nore conservatlve than t hose estlnated by the nethods
dlscussed i n—NAV , e

M L- HDBK 1026/4 and therefore
shoul d be used for prelimnary design, snall vessels, |ow design wnd
speeds, or when a conservative design approach does not result in
significant cost penalties.

3.34.2.1 Mooring Arrangenents. Ships are noored to piers and wharves by
securing ship nooring lines to deck fittings |ocated on the nooring
structure. Mooring forces are transmitted to the structure when the ship
bears on the structure or by tension in the nooring lines. For
approximating forces in nooring lines secured to deck fittings, consider
the schematic arrangenents shown on Figure 21. The type of mporing
arrangenent selected and nunber of lines used will depend upon the size of
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the ship, site conditions, tidal fluctuations, and the preference of the
ship's master. The |ayout shown on Figure 21(A) is typical but nmany

vari ations are possible, as shown on Figures 21(B) and 21(C). As shown on
Figure 21(A), bow and stern lines are generally placed at angl es of about
45 deg. horizontally. Spring lines are generally at angles of about 5
deg. horizontally and breast lines are al nost perpendicular to the

| ongi tudi nal axis of the vessel. Wen breast lines are onitted, as shown
on Figures 21(B) and 21(C), the loads normally carried by breast lines are
carried by the bow and stern lines. Vertically, nooring lines preferably
shoul d not be placed steeper than 30 deg. from horizontal. Wen ships are
noored wit hout separators and for certain types of ships such as
anphi bi ous ships, the vertical angles may be steeper. See Figure 21(D)
The latter criteria should be considered when establishing deck

el evations. Considerationshouldalsobe giventothefaet It is
reconmended that mooring |lines should be at |east 100 ft in length in
order to mininmize the possibility of having |lines part due to ship
movenents. Types and strengths of nmooring lines are discussed in NAVFAC
PM26-06 M L-HDBK 1026/4. Design and spacing of deck fittings are

di scussed in Section 4, paragraph 4.7.4. \hatever assunptions are nmade by
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Figure 21
Mooring Arrangements
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the designer, the ship will use a different arrangement of nooring |ines
and separators. Hence, it is not unreasonable to assune a pattern of
nmooring lines |least favorable to the structure.

3.34.2.2 Ship Motions. A noored ship will develop notions, as shown on
Figure 22(A), due to winds, currents, tides, and waves. The type of
motion will depend upon the magnitude and direction of the external forces
acting on the ship, individually or in conbination. The fender system
nooring arrangenent, and type of nooring |lines should be selected to

m ninm ze the magni tude of these ship notions and also to mininize the
resultant forces transmitted to the nooring structure.

3.34.2.3 Limting Conditions. To mininmize the effects of the forces

acting on a nmoored vessel, piers and wharves are generally located in
sheltered waters or are oriented so that a nmoored vessel is headed into
the prevailing winds, currents, or waves. |n sone |ocations, conformance
to criteria cannot be nmet because the siting of a structure is
predeterm ned by the configuration of existing facilities. Wen designing

structures for nooring forces, ceonsiderationshould be giventothe faet
I S L oal  eal ; : I .

M L- HDBK 1026/ 4, Section 3, for the "Mdoring Service Types." The nporing
service types define the operational function that the facility is
intended to serve and the limting conditions that are required for that
function. Mooring facilities should be designed using the site specific
Criteria provided in ML-HDBK 1026/4, which gives design criteria in terns
of environnmental design return intervals and in terns of probability of
exceedence for 1 year of service life. Mooring Service Types are as

foll ows:

Type | - This type covers noorings that are used for up to 1 nonth by a
vessel that will leave prior to an approaching tropical hurricane,
typhoon, or flood. Mborings include anmunition, fueling, and depernmn ng
facilities, as well as ports of call.
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Type Il - This type covers noorings that are used for 1 nonth or nore by a
vessel that will leave prior to an approaching tropical hurricane
typhoon, or flood. Moorings include general purpose berthing facilities.

Type Il - This type covers noorings that are used for up to 2 years by a
vessel that will not |eave prior to an approaching tropical hurricane,
typhoon, or flood. Moorings include fitting-out, repair, drydocking, and
overhaul berthing facilities. Ships experience this service approxi mately
every 5 years. Facilities providing this service are nearly al ways

occupi ed.

Type IV - This type covers noorings that are used for 2 years or nore by a
vessel that will not |leave in case of a hurricane, typhoon, or flood.
Moorings include inactive, drydock, ship nuseum and training facilities.

Type Il1l and IV noorings or where a ship is nmoored at a pier or wharf
which is located in an area of rapidly devel oping storms and sufficient

advance warning i s not avail abl e, —Fhis—problemis—partiecularly—eritical

consi deration should be given to |ocating high-capacity (200 tons or nore)
"storm' bollards along the centerline of the pier or inboard edge of the
wharf, where the ship can be tied up to a nore favorable |ine angle and

hi gher capacity nooring hardware.

b) Long period waves or swells, generated over long fetch
di stances, are considered hazardous for all ship classes and when data
indicate that swells nmay occur at a site, special investigations and
studies are required to determine limting conditions. Beamcurrents
acting broadside to a noored ship, with velocities greater than 2 knots,
shoul d be avoi ded, where feasible, because of the |large forces created.
Bow and stern currents, parallel to the longitudinal axis of a ship, can
be tolerated up to velocities of about 5 knots.

3.34.2.4 Gtiecal—Approximate Loadings. In the determ nation of nooring
forces due to winds, current, and waves, the follow ng factors should be
consi der ed:

a) The structure should be capabl e of holding any one ship at
berth for the maxi mumw nd velocity in a multiple berth pier. Aso, in a
dedi cated single-berth pier where the ship can be tied up only to one
pi er, the maxi mumw nd vel ocity should be used.

b) Forces acting parallel to a noored vessel on the bow or stern

at angles of attack of 0 or 180 deg., produce naxi mumloads in spring
lines. (See Figure 23.) Wen one ship is at berth, the yaw ng nonent,
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approxi mately equal to the total longitudinal force multiplied by half the
ship's beamplus the width of canels and/or fendering devices, need not be
consi dered but, when several ships are berthed in nests, the effect on the
yawi ng nmonent shoul d be investi gated.

c¢) Forces acting perpendicular to the |ongitudinal axis of a
moored ship, at angles of attack of 90 deg. or 270 deg., generally produce
the maxinmumtotal forces on the ship. Referring to Figure 23(A), when the
angle of attack is 90 deg., the external forces will push the ship onto
the structure and the nooring loads will be transnitted to the structure
along the parallel body of the ship in contact with the fender system or
al ong the contact |engths of separators placed between the ship and the
fender systemof the structure. The parallel body of a ship refers to the
nm dbody of the ship al ong whose Iength the hull cross section is constant
and the sides are vertical. GCenerally, conbatant ships, designed for
speed, have shorter parallel bodies and nore rakish forebodi es and
af terbodi es than sl ower cargo ships with |onger parallel bodies and
blunter ends. Wen the angle of attack is 270 deg., the ship will be
pushed off the structure and the resultant loads will be transmitted to
the structure by tension in the nooring |ines. The total force acting on
the ship may be assunmed to be divided equally between the fore and aft
breast lines or, in the absence of breast |ines, between the nporing
lines, fore and aft, absorbing the force.

d) Quartering forces are those forces which act at angles of
attack approxi mately equal to 45 deg., 135 deg., 225 deg., and 315 deg.
(See Figure 23.) The yawi ng nonments produced are maxi mum under these
conditions and, when forces tend to push the ship off the structure,
produce nmaxi num |l oads in the breast lines. Forces due to quartering w nds
or currents nay be approxi mated by assuming that the total lateral force
is equal to 0.75 tinmes F and the yawing nonment is equal to 0.09 tinmes F
times L where F is the total force acting broadside to the ship (at right
angles to the longitudinal centerline of the ship) and L is the |ength of
the ship. The maximumload in the fore and aft breast lines is
approxi mately equal to one half the total lateral force plus the force
obt ai ned by dividing the yawi ng nonment by the di stance between breast
lines, which is the lever armof the resisting nonent. The force due to
the yawi ng nonment is additive or subtractive, depending upon the direction
of the quartering winds or currents. Wnd and current forces on
separators nmay be approximated in the sane manner except that L is the
di stance between centerlines of separators.

e) Wnd and current directions within a sector described by
angl es of 20 deg., each side of the |ongitudinal axis of a noored ship,
may be considered as parallel to the ship. Simlarly, wind and current
directions within the sector described by angles of 20 deg., each side of
a line perpendicular to the longitudinal axis of a ship, nmay be consi dered
as perpendicular or broadside to the ship. Directions between the sectors
descri bed may be considered as quartering wi nds and currents.
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f) Prevailing winds and currents are not necessarily the
strongest. Wnds and currents of greater intensities, but which occur
| ess frequently, may conme fromother directions. Accordingly, when
determ ni ng nooring | oads, consideration should be given to w nds and
currents acting in the direction which produces the maxi mum | oads.

g) Wen ships are berthed on both sides of a pier, the wind | oad
on the ship in the |leeward berth may be approxinated to be 50 percent of
the wind | oad on the wi ndward vessel

3.34.3 Wnd Loads on Structures. Wnd forces on the pier or wharf
structure, sheds, container and portal cranes, and other stationary
facilities should be estimated fromthe criteria disedussed—inNaval

D\ 0 N a¥a¥a)

Structures, latest version, and the International Building Code (IBC

2000.
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3.34. 4 Eart hquake Loads.

3.34.4.1 Criteria. Al piers and wharves located in seismcally active
areas shoul d be proportioned to resist earthquake forces in accordance
with the requirenents of the 1996 AASHTO Standard Specifications for

Hi ghway Bridges; and using the nodifications to AASHTO provided in TR
2069-SHR, Design Criteria for Earthquake Hazard Mtigation of Navy Piers
and Wharves. Additional guidance may be found in TR-2103-SHR, Seisnic
Criteria for California Marine Ol Terminal (Volunes 1 & 2); and Anerican
Society of Civil Engineers, Technical Council on Lifeline Earthquake

Engi neering, Mnograph 12, 1998, Seisnic Guidelines for Ports. DByham-e

I . o) : Locall T

3.4.4.2 Performance Goal. The pier or wharf structure shall be desi gned
to resist the | oading produced by:

a) A Level 1 earthquake with a 50 percent probability of
exceedance in 50 years exposure. This is a nominal 475-year return period

event ground notion. The structure shall resist this level of force
wi t hout significant structural danage.

b) A Level 2 earthquake with a 10 percent probability of
exceedance in 50 years exposure. This is a noninal 950-year return period

event. Wth this event, the structure is allowed a neasure of controlled
i nel astic behavior that will require repair, but will preclude tota
collapse and life safety is maintained.

c) An earthquake with a 10 percent probability of exceedance in
100 years exposure for piers and wharves that are part of fueling systens.

The structure shall preclude the rel ease of hazardous and polluting
mat eri al s.

The deternination of the design earthquake shall be perforned using
t echni ques described in NFESC TR-2016- SHR, Procedures for Conputing Site

Seismcity.

DRAFT




DRAFT

DRAFT




DRAFT

3.34.4.23 Locations Qutside the United States. |If peak rock accel erations
deternmi ned by the nore exact method di scussed in paragraph 3.34.4.1 and
3.4.4.2 are not avail able, bedrock accel erations, assigned on the basis of
seismic risk zones, as specified in the AASHTO criteria, may be used.
Seismic risk zones are related to maxi num earthquake intensity, neasured
on the Modified Mercalli (MW Intensity Scale (1931) as foll ows:

Zone O .......... No damage

Zone 1 .......... M nor danage, MMV and VI

Zone 2 .......... Moder at e damage, MM VI

Zone 3 .......... Maj or danage, MM VIII and | arger

Zone 4 .......... Great danmmge, areas within Zone 3 close to a

maj or fault system

Seisnmic zones for locations outside of the United States are |listed bel ow

Locati on Sei sm ¢ Zone

Cari bbean Sea: Bahana | sl ands
Canal Zone
Leeward | sl ands
Puerto Rico
Trinidad Island
Medi t erranean Sea: Tur key (Ankara)
Tur key (Karanursel)
Rota, Spain
Atl antic Ccean: Azores
Ber nuda
Greenl and
I cel and (Kefl avi k)
I ndi an Ccean: Di ego Garcia
Paci fic Qcean: Caroline Islands (Koror, Palau)
Carol i ne Islands (Ponape)
Johnston |sl and
Mari ana |slands (Guam
Mariana | sl ands (Kwaj al ein)
Mari ana | sl ands (Sai pan)
Mari ana |slands (Tinian)
Marcus | sl and

P P WOFRP, WFRPOMNDNWPEPEPNPEPWDNDNWWDNEE
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Locati on Sei sm ¢ Zone

ki nawa

Phi li ppi ne | sl ands
Sanpa | sl ands

Wake | sl and

O W W w

3.34.4.34 Enbanknents and Fills. For determining the stability of
enbankments and fills at solid wharves, when subjected to earthquake
forces, refer to Naval Facilities Engineering Comrand NAVFAC DM 7. 02,
Foundati ons and Earth Structures;—anrdNAVFAC-DM-25--04,—Seawalt s, Bulkheads

ard—Caaywatts.

3.34.4.45 Floating Structures. Usually, floating structures are not
directly affected by seismc events. However, waves created by offshore
seismic activity such as a seiche and tsunami will affect floating
structures. Also, the nmooring system enployed (spud piles and chain) wll
be subjected to the ground notions and shoul d be investi gated.

3.34.5 Earth and Water Pressures.

3.34.5.1 Static Case. Static earth pressures, acting on retaining struc-
tures, are determined in accordance with the criteria detailed in NAVFAC
DM 7. 02.

3.34.5.2 Dynanic Case. Seismic forces may cause increased |lateral earth
pressures on earth-retaining wharf structures acconpani ed by |atera
novenents of the structure. The degree of ground shaking that retaining
structures will be able to withstand will depend, to a considerable
extent, on the margin of safety provided for static |oading conditions.

In general, wharf retaining structures, designed conservatively for static
| oadi ng conditions, nmay have a greater ability to withstand seisnic forces
than those designed, nmore economically, by |ess conservative procedures.
Met hods for determining lateral earth pressures due to seismc forces are
di scussed i n NAVFAC DM 7. 02.

3.34.5.3 Water Pressure. Pressures due to water |level differentials,
resulting fromtidal fluctuations and/or groundwater accumul ations, should
be considered in the design of sheet pile bul kheads, cells, and curtain
walls, and in stability investigations for enbanknments and fills.
Addi ti onal | oading due to hydrodynami c pressure for retaining structures
as addressed in NAVFAC DM 7.02 shoul d al so be considered in seisnic areas.

3.34.6 Thermal Loads.

3.34.6.1 Tenperature Differential. The effect of thermal forces that

build up in the structure due to fluctuations in tenperature from what was
measured at the time of construction should be considered. For piers and
wharves which, by definition, are constructed along waterfronts, the |arge
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body of water avail able has a substantial noderating effect on the
structure. Consequently, the structure may not attain an overal
tenperature 10 deg. F to 20 deg. F higher or |ower than the water
tenperature. The effect will be even less for ballasted deck
construction. However, unballasted decks nmay see a |large tenperature
differential through depth. Solid-type piers and wharves and floating
structures are less likely to be affected by tenperature vari ations.

3.34.6.2 Pile-Supported Structures. Typically, decks of pile-supported
structures will be subjected to tenperature differential. However, since
the axial stiffness of the deck elements will be nuch higher than the
flexural stiffness of piles, the deck will expand or contract w thout any
restraint frompiles (for narrow margi nal wharves, the short inboard piles
may offer sonme restraint, and hence need to be analyzed) and will subject
the piles to bending noments and shear forces. Batter piles should be

| ocated so as not to restrain thermal notion (usually in the mddle
portion of a long structure).

3.34.7 Ice Forces. In addition to the weight of accunulated ice on the
structure, consider the forces exerted by floating ice. The principa
nodes of action of floating ice are shown in Figure 24 and di scussed

bel ow.

3.34.7.1 Dynanmic lnpact. Followthe criteria in the AASHTO standard to
the extent feasible. For lightly |oaded structures and for open pile
platforns, these criteria may result in structures of unreasonable
proportions. |In such cases, consider reducing the AASHTO criteria in
accordance with the Canadi an code. See Charles R Neill, "Dynamc Ice
Forces on Piers and Piles," Canadian Journal of G vil Engineering, Vol. 3
1976. The val ues of effective pressure are

AASHTO . ................ 400 psi
Canadi an Code .......... 100 to 400 psi (highway bridges)
Canadi an Code .......... 200 to 250 psi (wharf piles)

3.34.7.2 Static Pressure. Freshwater ice will exert |less pressure on a
structure than seawater ice of the sanme thickness. For freshwater ice,
pressures of 15 to 30 psi may be assunmed. For sea ice, pressures of 40
psi to as nuch as 150 psi nay be assunmed. These are maxi num val ues and
relate to crushing of the ice. |If the ice sheet can ride up on the nearby
shore, the pressure exerted will be less than if the ice sheet is confined
within vertical boundaries.

3.34.7.3 Slow Pressure. Broken ice floes will exert |less pressure than a
solid ice sheet. |In general, the pressures developed in this node of
action will be less than those to be experienced under the static pressure
node of action. Reliable values of pressure are not presently avail abl e.

3.34.7.4 Vertical Mvenent. Assunme that the structure will [ift or
depress a circular sheet of ice. Calculate the radius of the affected ice
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sheet on the basis of the flexural strength of ice as 80 to 200 psi.
Check the shear on the basis of the strength (and adhesion) as 80 to 150

psi. Consider the formation of bustle (added thickness) of ice around the
structure. See Bernard Mchel, Ice Pressure on Engineering Structures,
Monogram I11-B1B, U S. Arny Col d Regi ons Research Engineering Laboratory.

3.34.8 Shrinkage. Open pier and wharf decks which are usually |
constructed from concrete conponents are subject to forces resulting from
shrinkage of concrete fromthe curing process. Shrinkage |oads are
simlar to tenperature loads in the sense that both are internal |oads.

For | ong continuous open piers and wharves and their approaches, shrinkage
load is significant and should be considered. However, for pile-supported
pi er and wharf structures, the effect is not as critical as it nmay seem at
first because, over the long tinme period in which the shrinkage takes

pl ace, the soil surrounding the piles will slowy "give" and relieve the
forces on the piles caused by the shrinking deck. The Prestressed Concrete
Institute PCl Design Handbook is recommended for design

3.34.9 Creep. This is also a material-specific internal load simlar to |
shrinkage and tenperature and is critical only to prestressed concrete
construction. The creep effect is also referred to as rib shortening and
shoul d be eval uated using the PCl Desi gn Handbook
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3.45 Load Conbi nati ons.

3.45.1 Ceneral. Piers and wharves should be proportioned to safely
resi st the | oad conbinations represented by Table 6. Each conponent of
the structure and the foundation elenents should be analyzed for all the
appl i cabl e conmbinations. Table 6 lists load factors (f-) to be used for
each conbi nati on and the percentage of unit stress applicable for service
| oad conbinations. The al gebraic signs (+ or -) should be those that
produce the nost unfavorable (yet realistic) |oading.

EQUATI ON:
S or U = fo (D + fL (Letl or L) + fge (Be) + fg (B)
+fc(Q + fe (B) + feq (BEq) + fw (W + fu (V$)
+f+RST(R+S+T) +f+|ce+(lce) (l)
wher e
S = Service | oad conbi nation
U = Utimte | oad conbi nation
fx = Load factor listed in Table 6

3.45.2 Load Synbols. The following |oad synmbols are applicable for
Equation (1):

Dead | oad

Live load (uniform

Li ve | oad (concentrat ed)
| mpact | oad(for L. only)
Buoyancy | oad
Bert hi ngl oad

Current | oad

Earth pressure | oad

Ear t hquake | oad

Wnd | oad on structure
Wnd | oad on ship
Creep/rib shortening
Shri nkage

Tenper ature | oad

I ce pressure

L

DgsmmO DO =
L 1 1 e 1 A I T | B 0

——=w0m
o
D

3.45.3 Service Load Design. Tinber structures for piers and wharves
shoul d be proportioned using the service | oad conbinati ons and al | owabl e
stresses. Concrete and steel structures nmay al so be designed using the
above approach. The service |oad approach should al so be used for
designing all foundations and for checking foundation stability.

3.45.4 Load Factor Design. Concrete structures for piers and wharves
maybe proportioned using the |l oad factor (ultimte strength) nethod;
however, they should be checked for serviceability and construction | oads.

DRAFT



DRAFT

Tabl e 65

Load Conbi nati ons, Load Factors (fy), and Al lowable Stresses

Servi ce Load Design

S1 S2 S3 S4 S5 S6 S7 S8 S9
D 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L.+l or Ly 1.0 0.1 1.0 1.0 1.0 b 1.0
B 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B. 1.0
C 1.0 1.0 1.0 1.0 1.0
E 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Eq 1.0
w 0.3 1.0 0.3 1.0
W 0.3 1.0 0.3
R+S+T 1.0 1.0 1.0
I ce 1.0 1.0
% Al |l owabl e Stress 100 100 125 125 140 140 133 140 150

Load Factor Design

Ul u2 U3 w4 03 U6 U7 Us 02)
D’ 1.3 1.3 1.3 1.3 1.25 | 1.25 | 1.3 1.3 1.2
L.+l or Ly 1.7° 10.17 | 1.3 1.3 1.25 | b 1.3
B 1.3 1.3 1.3 1.3 1.25 | 1.25 | 1.3 1.3 1.2
Be 1.7
C 1.3 1.3 1.25 | 1.25 1.2
E 1.3 1.3 1.3 1.3 1.25 | 1.25 | 1.3 1.3 1.2
Eq 1.3
w 0.3 1.25 | 0.3 1.2
W 0.3 1.25 | 0.3
R+S+T 1.3 1.25 | 1.25
I ce 1.3 1.2

(@ 0.90 for checking nmenbers for m ninum axia

| oad and nmaxi num nonent .

(® 0.0, 0.10, or 0.20, depending on the live |oad assuned to be action on
pi er for earthquake |oad cal cul ati ons. See Earthquake Loads,

3.34. 4

(©) 1.3 for maxinumoutrigger float load froma truck crane
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Section 4. STRUCTURAL DESI GN

4.1 Types of Construction

4.1.1 Open Piers and Wharves. Depending—enthe raterials—and coneepts
used, the facility can be constructed by any of the followng
retheds+4-—1-1-1—Conventitonal—— Typically, an open pier or wharf

consists of a systemof plunb or batter piles on which a deck is
constructed. The piles may be made of steel, precast concrete, precast
prestressed concrete, tinber, and steel/ concrete conp05|te tr—a

shoresi-de——The deck is usually nmade of concrete although, for |ight-duty
facilities, a tinber deck may be used. The nore popul ar concrete decks
may be all cast in place, all precast, or a conposite of the two.
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4.1.2 Solid Piers and Wharves. Typically solid piers and wharves

consi st of an earth retaining structure which provides a vertical face for
nooring vessels. The earth retaining structure may be a sheet pile

bul khead with a deadnan or pile anchor system a sheet pile bul khead with
a relieving platform closed sheet pile cells, reinforced concrete

cai sson, or precast concrete blocks. See Section 2, paragraph 2.5, for
di-fferent—wetheodsaddi ti onal discussion of solid-type construction

4.1.3 Fl oating Piers and Wharves. Floating piers and wharves consi st
of prefabricated barges, or closed cell units of steel or concrete that
are floated into position and anchored in place. See Section 2, paragraph
2.5, for different—wetheodsadditional discussion of floating-type
construction.

4.1.4 Non- Conventional Site Specific Structures. At renpte and forward
depl oynents sites, or where specific site conditions warrant, piers and
wharves nay be constructed using one of the follow ng nethods:

4.1.4.1 Jack-up Barge. See Figure 25. This type consists of a
structural steel seaworthy barge provided with openings for steel caissons
which are I owered to the harbor bottom when the barge has been floated
into final position. The barge nmay be conpletely outfitted during
construction with ship fenders, deck fittings, and utilities including
power, lighting, communications, water supply, sanitary facilities, etc.
so that once it is jacked into position and utility tie-ins are made, it
is ready to receive ships. Circular pneumatic gripping jacks, nounted on
t he deck above the cai sson openings, pernit the barge to be elevated in
steps. The barge is |loaded with steel caissons, a crane for pile
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erection, and other tools and materials required for the field work, and
is towed to the site.

At the site, the barge is noved into approxi mate position and the cai ssons
are dropped through the jacks and hull by the crane. The caissons,
suspended above the harbor bottom and supported by engagi ng the jacks, are
seated into the harbor bottom by dead weight. The barge-like deck is
jacked to the required el evation and | ocked. Each caisson is then
released fromits jack and driven to refusal or required penetration

Each caisson is then released fromits jack and driven to refusal or

requi red penetration. \Wen all caissons are driven, the hull of the barge
is welded to the caisson, the jacks are renpved, and the caissons are cut
off flush with the deck and capped with steel plates. 1In sone situations,
the caissons are filled with sand to avoid buoyancy problens. Jack-up
barge type structures are also constructed using hydraulic jacks and open-
trussed towers instead of pneunmatic jacks and circul ar cai ssons.

4.1.4.2 Tenplate. See Figure 26. This type involves the fabrication of
the various structural conponents of the pier, transportation of the pre-
fabricated units to the construction site by barge, and erection of the
prefabricated units to formthe conpleted facility. As noted under jack-
up barge, the tenplate type pier may be outfitted, beforehand, with the
utilities, deck fittings, and services that are needed to produce a fully
wor ki ng berthing facility.

The prefabricated structural steel units consist of tenplates, deck
assenbli es made up of cap beans or trusses and stringers, tubular piles,
fender units, decking (tinber or concrete), fittings, and niscell aneous
hardware. The tenplate is an assenbly consisting of four or nore tubul ar
colums connected with tubul ar bracing and wel ded together to forma
structure of height approxinmately equal to the depth of water in which it
is to be installed. A floating crane is used to transfer the tenplate
fromthe transporting barge and position it on the harbor bottom Stee
piles are placed through the tenplate tubular colums and driven to
refusal or the required penetration. |If the harbor bottomis very soft,
the tenplate is held in a suspended condition while the steel tubular
piles are placed and driven through the tenplate colunms. After pile
driving, the space between the piles and the tenplate colums is filled
with grout. As succeeding tenplates are erected, deck units, decking,
fender units, and fittings are placed to formthe conpleted marine

facility.

4.2 Constructi on Materi al s.

4.2.1 Ti mber. For the major functional types such as amunition
berthing, repair, fitting-out/refit, and supply piers and wharves subj ect
to high concentrated wheel |oads, tinmber construction should not be
considered. For light-duty piers and wharves, such as fueling, tenporary,
and degaussing/ deperning facilities, tinmber fram ng for deck and piling
may be consi dered. However, tinmber nmay be nore effective and optinal for
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fender systens, dol phins, wal kways, utility trays, and deck-supported
smal |l buildings. Further consideration should be given to the use of
treated tinber piling in the narine environnment in that sone jurisdictions
do not pernmit the use of treated tinber. Consult with the local activity
and field division for local requirenents.

4.2.1.1 Preservative Treatnent. Al tinber nenbers exposed to the nmarine
environnent and i mersed in salt water or fresh water should be pressure
treated with oil borne (creosote, pentachlorophenol) or waterborne (salts)
chemical preservative to protect against deleterious effects of decay,

i nsects, and marine borers. Fender piling in | ess severe environnents may
be untreated. In warner waters where severe
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Open Pier, Jack-up Barge Type
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mari ne borer activity can be anticipated, dual treatnent using both
creosote and salt should be enployed. The staff entonol ogist at the
cogni zant field division should be consulted for specific informati on on
nmari ne organi sms present in the waters and the treatnent required.

Preferably, treatnent should be nade after all holes and cuts are nade.
VWhen hol es and cuts are nmade in the field, tinber nenbers should be
treated with preservative to prevent borer activity fromstarting in the
holes. This is difficult to do properly in the tidal zone, and especially
so bel ow nean | ow water. Design and detailing should be such as to avoid
the necessity for making cuts or holes on piles underwater where treatnment
is difficult. \ere

possi bl e, avoid bracing or connections below nean | ow water. Al
connection hardware shoul d be suitable for the saltwater inmmersion and
exposure. For above-water construction, waterborne salt treatnent is
preferable as creosote treatnent stains clothing and smears on equi pnent.

4.2.1.2 Tinber Species. Douglas fir and southern pine are the nore
popul ar species for waterfront construction. Southern pine piles are
limted to 65 ft in length, whereas Douglas fir piles and poles can be
used up to 100-ft lengths. Large beans and tinber sizes needed for chocks
and wal ers are generally available only in Douglas fir and southern pine.
Chocks and wal ers should be treated with waterborne salts and not oil borne
preservatives such as creosote. The cost and availability of tinber piles
and ot her menbers should be evaluated for the project site under
consi der ati on.

4.2.2 Steel. When protected agai nst corrosion by the use of coal tar
epoxy or other marine coatings and cathodic protection systens, stee
construction may be considered for all types of marine structures.
However, active cathodic systens are difficult to design, construct, and
mai ntai n properly. Passive systens are preferred. Additional stee

t hi ckness nmay be provided as a sacrificial corrosion allowance. Steel is
particul arly adaptable for use in tenplate and jack-up barge construction
at advance base facilities, as piles for structures |located in deep water
where high lateral forces nmust be resisted, as fender piles and fender
panels, as piles for structures located in areas of high seisnmic activity,
and where difficult driving is anticipated. Wen the utilization of other
construction materials is considered feasible, the use of stee
construction may be restricted by cost and nai ntenance requirenents.

4.2.3 Concrete. For piers and wharves, concrete is generally the best
material for construction. Properly designed and constructed facilities
are highly durable in the nmarine environment. New advances in concrete

t echnol ogy have inproved concrete durability. Concrete enhanced with
flyash, silica fune and corrosion inhibitors have denonstrated superior
performance and shoul d be used whenever possible. In addition, the use
epoxy coated reinforcenent is recommended. Concrete is inmune to marine

borer and insect attack and is inconbustibl e. —Precast—conecretepites
houl , Bl | ; ; e f , |
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Concrete is also ideal for deck construction in open-type piers and
wharves and, when properly designed, is nore econonical for floating
structures. Proprietary stainless steel reinforcenment bars, wires, and
strands have been devel oped for use in concrete construction where
nonmagnetic properties are desired as in degaussing/deperning facilities.

4.2.3.1 Precast Concrete Piles. Precast concrete piles should preferably
be prestressed to resist the tensile forces frequently encountered during
driving. Corrosion of reinforcenent in prestressed concrete piles even
after cracking can be controlled by proper nmix design and, in extrene
cases, by epoxy coating the reinforcenent. However, sufficient control
nust be exercised during driving of concrete piles to reduce cracking to a
mnimm \Were difficult driving into very conpact sands, gravels, or
rock is anticipated, the tip of the piles nay be equi pped with a W-shape
or Hpile "stinger" to achieve needed penetration. Very large holl ow
cylindrical piles (48-in. dianeter and nore) have been successfully

enpl oyed for waterfront construction

4.2. 4 Conposite. A-theugh—not—very—popular— conpoesite—Conposites pies
made of concrete and steel, concrete and fiberglass, and plastic and

fibergl ass have been successfully enployed in piers and wharves.
Conposites offer nany advantages over conventional nmaterials but often
have limtations that need to be considered. Sone advantages nay incl ude
i nproved corrosion resistance, |ightweight, and ease of construction

Sonme of the disadvantages nay include |ow strength, UV |ight

deterioration, long termdurability and high cost. These issues should be
i nvestigated in depth.

4.2.4.1 Concrete and Steel. Concrete-filled pipe piles, anrd-steel H
piles with a concrete casing, and steel beanms with concrete decks are the
nore common types. The concrete casing or jacket for the lattertype
steel Hpiles nmay be required only in the splash or tidal zone. Concrete
is sonetinmes added to steel pipe piles for deadwei ght purposes to resist
uplift forces but reinforced concrete can be used to increase the
stiffness of the pile.

4.2.4.2 Concrete and Fiberglass. Concrete filled fiberglass piles have

been used in facilities where high axial capacities are not required. The
i ghtwei ght fiberglass piles are easily installed and do not require high

capacity handling equi prment.
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4.2.4.3 Plastic and Fiberglass. Fiberglass reinforced plastic piles and
beans have been successfully used in pier and wharf construction primarily
as fender piles, wales and chocks. Design guidance for use in fender
systens is provided in SP-draft2-SHR, Proposed Design Criteria for Chocks
and WAl es.

4.2.5 Al umi num  For deck-supported structures and supporting of piping
and conduits, alum num nenbers are useful. However, unprotected al um num
shoul d not be used under water or in the splash zone. Also, to prevent
corrosion, alum num should be electrically isolated from adjacent

mat eri al s by nonconductive gaskets, washers, or bolt sleeves. Al umnm num
construction is used in the superstructure of degaussi ng/ deperm ng
facilities, due to the nonmagnetic characteristics of the nmateri al

4.2.6 Pl astics. Fiberglass-reinforced plastics (FRP) and ultra high
nol ecul ar wei ght (UHWN plastics are being increasingly used in waterfront
construction. FRP grating and shapes are highly durable in the marine
envi ronnent when shielded fromultraviolet rays. UHWVplastics are usefu
in fender systens design as rubbing strips where a high abrasion

resi stance and | ow coefficient of friction are required. UHMAN plastics

are avallable in varlous grades #bMeve%——%hese—aFe—#a+%¥y—neme#a%ep+a#s—e#

Phe%#—se#eepken—and—asage— The use of corrosi on- reS|stant fiber

rei nforced plastic (FRP) conponents including reinforcing bars,
prestressing tendons, structural shapes, and unidirectional or woven
fabrics, are being devel oped and have been successfully used in the repair
of piers and wharves. The use of these type of materials may be

consi dered when the situation warrants. Special attention to connections
needs to be provided. The use of these materials for new construction
shoul d be carefully eval uated.

4.3 Al |l owabl e Stresses.

4.3.1 General. Allowable stresses for materials used in pier and wharf
construction generally conformto industry standard codes for the type of
material and the purposed appllcatlon unl ess nodified herein. AB#&L

Allomable stresses for fender system design are dlscussed in Sectlon 5,
par agraph 5.4. 4. 3.

4.3.2 Tinber. Reter—to MNaval—FactttesErgineertng—CommneNAVEAC DM-

Design tinber structures in accordance with the National Forest Products
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Associ ati on (NFPA), National Design Specification for Whod Construction

Al | owabl e stresses are generally not affected by preservative treatnent.
However, nodul us of rupture and nodul us of elasticity are considerably
reduced by preservative treatnment. See Table 4 of ML-HDBK 1025/ 6, Naval-
FacitHties—Engineering Comrand NAVFAC DM 2506 General Criteria for
Waterfront Construction. Wen preservative treatnment for fire retardation
is used, the allowable stresses should be reduced by 10 percent. {Sone
addi ti onal guidance is needed in regard to the use of fire retardation!}

4.3.3 Steel . Refer—to MNovalTaettites EngrreertngConmrmadNAVFAC-DBM-

203 —StrueturalEnorneoring— SteslStruetresfor desian
standards—Refer to the Anerican Institute of Steel Construction (Al SO
Manual of Steel Construction, Allowable Stress Design, Ninth Edition, for
design standards. For pier and wharf structures subject to noving whee

| oads and supported by structural steel nenbers, refer to AASHTO for
appropriate design standards.

4.3. 4 Concrete. Refer to Naval—FaciHities—Enrgihreering—Cormmand—NAVFAC

DM-2.04,—Struct ural—Engineering— Concrete Structures AASHTO, PCl and A,
for design standards. Furtherwpre— for—For prestressed concrete deek

menbers, “zero” tension design is preferred. tensite stresses—shouldbe

H-mtedto6—Ffc—ForServicetLoadConbination—SE——Al|l reinforced
concrete deck nenbers should neet the crack control requirenments for

severe exposure ——MheFe—#e#beFs—aFe—eeHPFnHaLLy—and—anepﬁkkkenPLy

4.3.5 O her Nhterials. AH—ot-her—structural—rmaterials—should-be

A+Hn+nuﬁ+SPFae%H%esT—%%sen%y—SPFaePaFesr—Geﬁpes+Pe—§k#ue%u#es—and—€khe#
Struetural—Materials— Fiberglass-reinforced plastics (FRP), ultra-high
nol ecul ar wei ght (UHWN plastics, and other new nmaterials should be
governed by the accepted industry standards for structural design and
detailing.

4.4 Deck Structure Design

4.4.1 Deck Framing. Concrete is generally considered the best naterial
for deck framing and should be used for nost pier and wharf decks.

Al t hough tinber, steel, steel/concrete conmposite, and tinber/concrete
conposite decks have been used in the past, they are neither cost-

ef fective nor suitable for the high concentrated | oad capacities currently
demanded of decks. Fromdurability, maintenance, and |ife-cycle cost

vi ewpoi nts, a concrete deck is superior and is highly reconmended. The
deck fram ng shoul d be sl abs supported on pile caps, utilizing an al
cast-in-place, all precast, or conposite construction, as shown in Figure
27. For the concentrated | oads which typically control the deck design, a
solid slab with its high punching shear resistance is reconmended.

Fram ng systens using thin slabs, as in cast-in-place slab/beanl girder
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systens, should not be used because of their tendency to spall along
beam gi rder corners and edges. Cccasionally, where high concentrated

| oads are not specified, voided slabs may be used. Map cracking in the
cast-in-place topping at the precast panel joints is sonetines seen. To
control the cracking, transverse post-tensioning is sonetinme utilized.

For distribution of horizontal |oads, pier and wharf decks shoul d be
continuous, with as few expansion joints as possible. Were expansion
joints are needed, the deck on each side of the joint should be supported
on a separate pile cap or girder

4.4.2 Pl acenent of Concentrated Loads. Vertical concentrated whee

| oads from nobile cranes, trucks, and other vehicles and outrigger fl oat

| oads from nobile cranes may be placed anywhere on the deck, s+nheebecause
operational control is not feasible. Trench covers, wtitider utility
trench covers, and access hatch covers shoul d be designed to handle the
concentrated | oads, where they are accessible to nobile equipnent.
However, designated areas on the pier deck may be exenpted from whee

| oads or outrigger float |oads, or designed for |esser |oads, when curbs,
railings, and other physical barriers are provided to isolate those areas
fromvehicle access.

4.4.3 Di stribution of Concentrated Loads.

4.4.3.1 Truck, Forklift, Straddle Carriers. Concentrated wheel |oads
fromthese vehicles are applied through snall "footprints" to the deck
structure. The distribution of these |oads and conputati on of naxi num
monment s and shears nmay be in accordance with the American Association of
State Hi ghway and Transportation Oficials (AASHTO Standard Specification
for Hi ghway Bridges. However, this method is wery conservative and nore
reasonabl e results nmay be obtained using NCEL R-935, Lateral |oad
Distribution in One-way Flat Slabs, —Using Adolf Pucher, |nfluence
Surfaces for Elastic Plates, for different edge conditions. —yields—rore
reasonableresults— or finite el enment anal ysis.

4.4.3.2 Mobile Crane Float Loading. Typically, truck-munted nobile
cranes nake the lifts while supported by outriggers. To reduce the
concentration of |oads, nmanufacturers provide |arge pads or floats through
which all the |oads are applied to the deck. Operators can be expected
not to locate the outrigger on small manhol e covers and narrow |ight-duty
trench covers which | ook obviously weak. However, they will locate the
outrigger on all other areas. The float |oading nmay be distributed and
deck nonents and shears conputed using any of the methods for wheel | oads.
However, the influence surface approach is nore appropriate and is
reconmended.

4.4.3.3 Railroad Loading. Wheel |oads should be distributed to the deck
menbers in accordance with the Anerican Railway Engi neering Associ ation
(AREA) Manual for Railway Engi neering.

4.4.3.4 Rail-Munted Crane Loading. Typically, rails for portal and
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cont ai ner cranes are supported on separate crane girders or beans or pile
caps. Sinee—Because the wheel spacing of npbst cranes is no nore than 4
ft, where crane support beans are at least 2 ft deep, the wheel |oads may
be converted to an equivalent |ine |oad.

4.4.3.5 Ballasted Deck. Were ballasted deck construction is used, the
footprint of concentrated | oads can be increased by assuning a 45 deg.
distribution through the ballast and pavi ng.

4.4.4 Distribution of Horizontal Loads. Piers and wharves are

subj ected to concentrated | ateral |oads from berthing and nooring of
ships. The deck structure is expected to behave as a "shear di aphragnt
and distribute the lateral loads to pile bents or to the bul khead. The
actual load received by any pile bent will depend on the relative
stiffnesses of the pile bents and rigidity of the diaphragm The behavi or
is anal ogous to a "beamon elastic foundation" and is best handled by a
stiffness anal ysis using conputers. For relatively sinple and uniform
bent spacing, hand cal cul ati ons nay be sufficient.

4.4.4.1 Berthing Forces. Berthing forces are considered to be
transmitted by a berthing ship along an assunmed contact |ength of fender
system and then further distributed by the diaphragmaction of the deck to
the individual bents. See Figure 23. At marginal wharves, the retained

upland fill absorbs the berthing force transnitted by the deck. At
bul kheads where sheet piles are enployed to retain upland fill, berthing
forces are transmitted directly to the fill. At piers and wharves,

hori zontal berthing forces are resisted by batter piles, by adequately
sized vertical piles, or a conbination of both. Were the fender piles
are used in conjunction with separators, only that part of the |oad
transmitted at the deck | evel need be considered.
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4.4.4.2 Mooring Forces. Mdoring forces are typically transnmtted to
pi ers and wharves by fenders, separators, canels and nooring lines.
Det ernine nooring forces using nmethods defined in ML-HDBK 1026/ 4, Mooring

Desi gn. Wen a continuous fender systemis used, Fhe-the ship contact

| engt h, —whenr—separaters—arenoet—used nay be taken as 25 percent of
ship's length for cruisers, destroyers, and frigates, and as 50 percent of
ship's length for auxiliary and anphi bi ous warfare ships. Wen separators

or canels are used, the contact length is equal to the length of the

separator or canel. Mooring forces acting away from pi ers or wharves are
transmitted to the deck as point |oads through deck fittings where nooring
lines are attached. It should be renenbered that nmooring lines are often

used at an upward angle for surface ships and at a downward angle for
subnari nes.

4.4.5 Pile Caps. .
wharves—+t—It is often cost-effective to orient pile caps (and hence pile

bents) transverse to the length of the structure. This orientation
provides inproved lateral stiffness for berthing and nooring forces Wen
this orientation is used, longitudinal pile caps are not needed unl ess
crane trackage support or |ongitudinal seisnic resistance is to be

provi ded. For nargi nal wharves where |ateral |oads from nooring and
berthing | oads are transferred to the land, a | ongitudinal orientation of
the pile cap may be considered if feasible for construction. Mnents and
shears on pile caps fromlive | oads should take into account the elastic
shortening of the piles and the effect of soil deformation at and near
pile tips. For conmputation of forces fromhigh concentrated | oads, the
cap behaves as a beamon el astic foundation, and distributes the
concentrated |l oad to a nunber of piles adjacent to the |oad. Again, while
hand cal cul ati ons are acceptable, a stiffness anal ysis using conputers is
reconmended.

4.5 Substructure Design

4.5.1 Pile Bent Framing. A pile-supported fram ng systemis the nost
popul ar form for substructure design for open piers and wharves. Severa
fram ng concepts for open piers and wharves and nargi nal wharves are
illustrated in Figure 28. Many variations and conbi nati ons of the
illustrated concepts are possible.

4.5.1.1 Al Plunb Pile System The lateral |oads are resisted by "frane
action,"” whereby the piles and the cap forma nonent franme and resist the
lateral load primarily by the flexural stiffness of the piles. However,
for narrow structures lateral deflection wilkl— may be wery high for even
snall lateral l|oads. Also, sidesway is not prevented, which increases the
effective length of pile as a colum. Further, if piles vary in
unsupported height | ength, the shorter piles will attract mest— a |large
portion of the lateral |oad. Sihree—Because the piles are nore efficient
for axial loads and | ess so for bending noments, this framng usually is
restricted to shallow waters and light lateral |oads. However, for wde
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structures with a large nunber of piles, the total stiffness of the system
may justify a reduced effective length. A nore in depth stability

anal ysis would need to be perforned to validate a reduced effective

length. |In addition, large dianeter steel pipe and precast/prestressed
concrete cylinder piles can provide inproved lateral stiffness and are
attractive for use in areas of high seisnmic activity.

4.5.1.2 Plunb/Batter Pile Systens. In this type of framng, all the
vertical loads are primarily handl ed by the plunb piles and | ateral | oads
are resisted primarily by the batter piles. The behavior of the systemis
one of "truss action." This systemis nore cost-effective as the |atera

| oads are resisted primarily by the axial stiffness of the batter piles.
However, very high forces are transmtted to the caps, which will have to
be designed and detailed to resist these forces. |In areas of high seisnic
activity, the increased stiffness of the systemreduces the period and

| eads to higher earthquake | oads.

4.5.1.3 Al Batter Pile System This systemis a conproni se between the
two above, and is cost-effective in sone circunstances. Wth this system
the batter slope nay be near vertical. Natural periods can be as high as
several seconds, nmaking the approach attractive for seisnic areas.

4.5.1.4 Batter Pile Systemwi th Seisnmic Isolation. This system

i ncorporates calibrated isolators or seismc fuses between the wharf deck
and batter piles. The systemallows for high displacenents of the wharf
deck once a threshold |ateral |oad causes the isolator slip. The designer
needs to consider the magnitude of lateral berthing and nooring forces
such that they do not exceed the threshold |lateral force of the isolator
In this case a separate fendering structure may be required.

4.5.2 Lateral Loads on Piles. In addition to the axial |oads, bending
monent s, and shears caused by | ateral |oads at deck | evel due to berthing,
nmoori ng and seismic forces, piles are also subjected to |lateral |oads
acting along the length of the pile.

4.5.2.1 Current and Waves. These |loads are applied at and near the water
| evel and may be significant where large size piles are used in high-
current waters. An estinate of current and wave forces can be made using
t he net hods described in the Arny Corp of Engineers, Shore Protection
Manual

4.5.2.2 Sloping Fill Loads. These loads are transnitted al ong the shaft
of the piles by the |ateral novenment of the soil surrounding the piles
beneath the structure, such as nay occur along a sloping shoreline at
mar gi nal wharves, as shown in Figure 11. The maxi mum nmonents in the piles
for this category of |oadings are determ ned by structural analysis and
the nethods outlined in Naval Facilities Engineering Command NAVFAC Dwv
7.02, Foundations and Earth Structures, after the conditions of pile
support in the pile cap and the soil have been established and the
effective length of pile has been deternined.
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a) Piles of relieving platformtypes of solid wharves, shown on
Figure 12, may be subjected to lateral earth loads if the stability of the
sl ope beneath the platformis marginal— mininmal and soil creep occurs. In
such cases, stabilizing nmeasures should be introduced, prior to
installation of piles, to prevent novenent of the soil along the sl ope.
Anmong the stabilizing nmeasures that nmay be used are surchargi ng
(preloading), installation of sand drains or soil conpaction piles, or
repl acenent of unstable materials. |If the piles

DRAFT



DRAFT

s3dasuce) Fuiweaj 21n3dnI1lsqng
gz @and1 3

9111 wouy . Jeulbiey,, a1819@

AHTHM TUNIOHYW 311d H31.1vE 8 gNN1d (d)

{

4HVYHM TENIDHYN 311d BNNTd 1V (0)
Ve

2

N

H3ld 3MNd Y3ilivd JJQE\

Qo s rerrrIn

H3ld 3d H¥311vE 8 GANTd (8)

N

AN

\/
bz

H3ld 34 GANTd TV LV)

DRAFT



DRAFT

supporting the structure are used to increase slope stability, or if tinme-
dependent stabilizing neasures are introduced after the piles are in

pl ace, the resistance to soil novenent provided by the piles should be

cal cul ated and the piles checked for the bendi ng nonents induced by the
calculated lateral earth loads, in addition to the increased | oading
caused by the downdrag of the settling soil.

b) The pile resistance to soil novenment nay be obtained froma
stability analysis by deternining the additional resistance, provided by
the piles, which will provide a factor of safety that corresponds to zero
soil movenent. The mininumfactor of safety required for this tape of
anal ysis varies and should be selected after evaluating the soi
conditions which exist at the site. The enbednent | ength of piles needed
for developing the required |lateral resistance may be deternmined in
accordance with the criteria given in NAVFAC DM 7. 02.

4.5.2.3 Dynanmic Fill Loads. 1In general, piles subjected to seismic
forces behave as flexible nmenbers and their behavior is controlled
primarily by the surrounding soil. Both vertical and batter piles nove

together with the surrounding soil during an earthquake. Provided that
shear failure or liquefaction of the surrounding soil does not occur
during ground shaking, the pile-supported structure will nmove a linited
anount and remain stable after an earthquake. The nagnitude of the

hori zontal novenent depends on the earthquake magni tude and duration
design details of the platform flexibility of the piles, and the subgrade
nodul us of the foundation soil. If the soil surrounding the piles is
susceptible to liquefaction or if slope failure occurs, the piles wll
nmove excessively, resulting in serious damage to the piles and the
structure. For these conditions, unstable materials should be renpved and
repl aced. Wen the piles penetrate a deep soft layer first and then a
stiff layer of soil, the soils displace cyclically back and forth during
an earthquake. During the cyclic ground shaking, the piles will nove with
the ground and return essentially to their original position if the soi
does not fail during these cyclic displacenents. Accordingly, if piles
are to continue to safely support |oads after an earthquake, it will be
necessary for the piles to have the capability to withstand the induced
curvature without failure. Practical design considerations for a

sem enpirical pile bending analysis are given in Edward Margason, Pile
Bendi ng During Earthquakes.

4.5.3 Pile Materials. Steel and concrete and conposites of the two are
the nost common and viable pile materials for the substructure
construction of piers and wharves. Wod piles nay be used for lightly

| oaded structures and for fender systens. Load capacity geotechnica

consi derations and life-cycle costs should govern selection of the pile
material. Wen steel piles are used, a suitable protective system

(paints, cathodic protection, concrete or sand filling of pipe sections)
shoul d be specified for durability and reduced nmi ntenance expenses.
Prestressed concrete piles are preferred over reinforced concrete piles,
because of the latter's susceptibility to cracking during driving and | ack
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of watertightness.

Piles are subjected to high conpressive and tensile stresses during
driving and shoul d be proportioned to resist these in addition to the
service | oads. Where prolonged driving in alternately soft and hard | ayers
of soil or driving through stiff "quaky" clays is anticipated, very high
tensile stresses are set up and will require a higher |evel of prestress
(1000 psi or nore) in prestressed concrete piles. Attention should be
given to controlling driving stresses by specifying frequent cushion

repl acenent, and by requiring use of hanmers capabl e of adjusting driving
energy.

In addition to steel, concrete and conposite piles, materials such as
plastic and fiberglass have been successfully used in pier and wharf
construction. Plastic piles have primarily been used for fender piles and

provide a durable alternative to tinber piles. Concrete filled fiberglass

pi pe piles may provide suitable capacities for lightly | oaded structures.

4.5.4 Solid Cellular Structures. For design procedures and sel ection
of type, see NAVFAC DM 7.02,. Cellular structures are gravity retaining
structures forned fromthe interconnection of straight steel sheet piles
into cells. Strength of cellular structures derives fromresistance to

shear caused by friction of the tension in the sheet pile interl ocks and

also fromthe internal shearing resistance of the fill within the cells.
Accordingly, clean granular fill materials such as sand and gravel are
usual ly used to fill the cells. Extreme care nust be exercised in the

construction of cellular structures because excessive driving onto
boul ders or uneven bedrock may cause ruptured interlocks which can | ater

unzi p under hoop tension (fromfilling) and cause failures of the cell
Movenent and expansion of cells nust be conpensated for during
construction of the cells and fill placenment carefully controlled if

satisfactory alignment of the face of the wharf is to be mmintained.
Cellular structures are classified according to the configuration and
arrangenent of the cells. Three basic types are discussed bel ow and are
shown on Figure 13.

4.5.4.1 Crcular. This type consists of individual |arge-dianeter
circles connected together by arcs of snmaller dianeter. Each cell may be
conpletely filled before construction of the next cell is started.
Construction of this type is easier than the diaphragmtype because each
cell is stable when filled and thus may be used as a platformfor
construction of adjacent cells.

Because the individual cells are self-supporting units, accidental |oss of
one cell will not necessarily endanger adjoining cells. Conpared to a

di aphragm type cellular structure of equal design, fewer piles per |inear
foot of structure are required. The dianmeter of circular cells is limted
by the maxi num al | owabl e stresses in the sheet pile interlocks and, when
stresses are exceeded, cloverleaf cells are used.
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4.5.4.2 Diaphragm This type consists of two series of circular arcs
connected together by diaphragns perpendicular to the axis of the cellular
structure. The width of cells may be w dened by increasing the | ength of
t he di aphragnms wi thout raising interlock stress, which is a function of
the radius of the arc portion of the cell. Cells nust be filled in stages
so that the heights of fill in adjoining cells are maintained at equa
levels to avoid distortion of the diaphragmwalls. D aphragmtype cells
present a flatter faced wall than circular cells and are consi dered nore
desirabl e for narine structures.

4.5.4.3 Coverleaf. This type is a nodification of the circular cel
type and is generally used in deep water where the dianeter required for
stability would result in excessively high interlock stress if diaphragnms
were not added.

4.5.5 Fill for Solid Structures. Ganular free-draining materi al
shoul d be provi ded adjacent to sheet pile bul kheads, extending from
dredged bottomto underside of pavenment on grade. This material should be
graded to act somewhat as a filter to limt subsequent [oss of fines

t hrough the sheet pile interlocks. Placenment of free-draining material
shoul d be in stages, comrencing at the intersection of sheet piling and
dredged bottom and progressing inshore. Mid and organic silt pockets
should be elimnated. |In general, hydraulic fill for backfill should not
be considered unless provision is made for the effects of fill settlenent,
potential |iquefaction of fill in seismc zones, and high pressure exerted
on sheet piling. Vibro-conpaction should be considered for consolidation
of hydraulic fill. In areas with tidal ranges greater than 4 ft, 2 in.

di anet er weep hol es should be provided for the sheet piles above the nean
low water level. Wen weep holes are used, graded filters should be
provided to prevent loss of finer backfill material. Openings in pavenent
or deck should be provided for replenishment of material in order to
conpensate for loss and settlenment of fill. 1n general, flexible pavenent
usi ng asphaltic concrete is preferred over rigid pavenent with portland
cenent concrete, as it is nore econonmical to maintain and better able to
accommodat e underlyi ng settl| ement —For—addi-tional—desigh—eriteria—+efer

3
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4.5.6 Deterioration of Substructure. The followi ng are the principa
causes of deterioration:

4.5.6.1 Marine Borers. Wod piles are the only kind that will be
affected by mari ne organisns. Preservative treatnent used for wood piles
and braci ng under water should be selected for the particul ar organi sns
present in the water locally. While marine growth does occur on concrete
and steel surfaces in the tidal zone, they have not proven to be danagi ng.

4.5.6.2 Corrosion. Steel and, to a |esser extent, concrete piles are
subj ected to corrosion fromthe alternative dry and wet conditions to
whi ch the substructure is subjected. However, corrosion in steel piles is
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significantly higher, especially in the splash zone. Hence, steel piles
will require a good paint systemor cathodic protection. Cccasionally, a
concrete jacket may be provided in the splash zone for steel piles.
Prestressed concrete piles, when produced under quality control standards
established by the Prestressed Concrete Institute (PCl) and enploying a
wel | - desi gned mi x, have perfornmed well over the years. However, in water
cont ai ni ng hi gh amounts of chlorides and sul phates, one or nore of the
foll owi ng additional neasures to increase durability may be required for
proper performance. These neasures include, but are not linmited to, the
followi ng: Hi gh cenent content (six sacks per cubic yard or nore), |ow
wat er/cenent ratio (wc 0.40 by weight), Type Il or V cenments (cenents
with trical cium alun nate between 5 and 8 percent), high | evel of
prestress (1000 to 1200 psi), use of a silica funme concrete with high
range water reducer, and epoxy coating (for bar or strand reinforcenent).
In extrene cases, a protective paint systemmy be specified for the pile
surf aces.

The use of concrete m x designs specifically fornmulated for use in the
marine environnment has becone conmon. These concrete mx designs utilize
hi gh cenent content, |ow water-cenent ratios, high range water reducers,
silica fune, pozzolan, fly ash, blast-furnace slag, and corrosion

i nhi biting admi xtures.

For steel sheet pile bul kheads, a concrete fascia can be cast 2 to 3 feet
bel ow ML(Wto control corrosion in the slash zone and to protect critica
tie-bolts and tie-rods. Epoxy coating should be used on the outer face of
the steel sheet piles from1l to 2 feet below MW (1 foot above the bottom
of the concrete fascia) to approxinmately 4 feet below the nud |ine.
Critical tie-rods, tie-bolts, and channel walers for bul kheads shoul d al so
have a high quality coating system \here stray currents from shipyard
activities, welding or inpressed current protection systens on underground
pi peline are a concern, inpressed current cathodic protection systens nay
need to be considered. |If the inpressed current systemsystemis
proposed, consideration needs to be given to the activity’s ability to

mai ntain the system(i.e., facility location, funding, qualified
personnel, access, etc.).’

4.5.6.3 Abrasion. Floating debris and floating ice in open types of
pi ers and wharves nay cause serious abrasion to concrete piles. Tinber
j ackets have been successfully used to protect the concrete piles, as
illustrated in NAVFAC-DBM-25-06 M L-HDBK 1025/ 6

4.6 Fl oati ng Structures.
4.6.1 St eel Pontoon Warf.
4.6.1.1 Ceneral. Modular steel pontoon structures may be used for

tenmporary facilities to berth ships up to |loaded drafts of 30 ft. This
structure type may be provided where it is not considered advisable to
construct a fixed facility and at advanced bases where versatility and
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ease of deploynent are required. The allowable uniformloading is
limted, as is the capacity for nobile cranes. For additiona

i nformati on, see Naval Facilities Engi neering Command NAVFAC P-401
Pont oon Syst em Manual

4.6.1.2 Navy Lightered (NL) P-Series Pontoon Wiarves. NL pontoons are
rei nforced, welded steel cubes, 5 ft long, 7 ft wide, and 5 ft high
capabl e of accommodati ng HS-20 truck | oading as specified by AASHTO

Pont oons are assenbled into strings which are joined to form pontoon
wharves and pontoon bridge units. Thus, a 6 x 18 pontoon wharf consists
of 6 strings of 18 pontoons each. See Figure 29 for an exanple of a
pontoon wharf located in water of sufficient depth to berth cargo ships
with | oaded drafts not exceeding 30 ft. The offshore wharf consists of
four 6 by 18 pontoon wharf units and each access bridge is made up of two
4 x 18 pontoon bridge units. The nunber of pontoon bridge units required
is a function of the water depth, tidal range, and degree of exposure.
Many wharf configurations are possible. The pontoon bridges are connected
to the wharf offshore and to a 2 x 6 sand-filled abutnment onshore by
heavy-duty hinges. Cable noorings are used to anchor both the wharf and
the connecting bridges to shore. The location is nmaintained by pile

dol phins placed along the perineter of the facility. The wharf is also
outfitted with bitts and fenders. A ship may be noored i ndependently of
the wharf by utilizing buoys, chain, and anchors.
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4.6.1.3 Container-Sized Mddul ar Pontoons. Conmercially avail able nodul ar
causeway systens are becom ng increasingly popular for naval operations.
The pontoons are made from contai ner-sized nodul es that can be stored and
transported in commercial container ships. The nodules are lifted out and
assenbl ed on cal mwater or l|aunched froma ship's deck. (See Figure 30.)
Cleats, bitts, and other hardware can be installed and renoved as needed.
Wth mnor nodifications, the individual nodul es can be structured to
accommodat e power units and fuel tanks for use as a powered causeway. The
connector pieces are interchangeable and renovable for rapid repairs. The
nodul ar causeway system nmakes it possible to transport the causeway to the
anphi bi ous operations area on a container ship or an auxiliary crane ship
for rapid depl oynent.

4.6.2 Fl oati ng Concrete Structures.

4.6.2.1 General. Concrete floating structures have been successfully
enpl oyed for sonme years and have been proposed for increased use in Navy
pi ers and wharves. Were conditions nmake fixed structures very expensive
or inpractical, the floating type may becone cost-effective.

4.6.2.2 Advantages of Concrete. Properly proportioned concrete (both
normal wei ght and |ightwei ght), when conmbined with prestressing, results
in a dense and inperneable barrier for saltwater intrusion, ideal for kee
and wall elements of the floating structure. In addition to requiring
little or no naintenance, concrete provides nass to the structure, which
i ncreases the roll period and thus provides a nore stable structure for
oper ati ons.

4.6.2.3 Unique Requirenents.

a) Ceneral. Floating structures nust be operated simlar to
ships in that | oad application and ballast nanagenent nust be carefully
considered to avoid overstressing or sinking the structure. Stability is
general Iy not of much concern for floating concrete structures, but hee
and trimnust be investigated when applying eccentric |oads to the
structure (i.e., lifting with cranes or storage to one side of the
structure).

b) Freeboard. Freeboard requirenment deternines the m ni mum depth
of the structure. As a rule of thunb, for prestressed structures, at
| east 45 percent of the structure will be subnerged; therefore, excessive
freeboard requirenments will lead to a deeper, nore expensive structure.

c) Conpartnentalization. Conpartnentalization is necessary to
provi de watertight buoyancy chanbers and structural support to the top and
bott om decks. Conpartmentalization can be acconplished by a rectangul ar
grid system of bul kheads (walls) or interlocking cylinders simlar to a
"honeyconmb.™ In either case, the increase in the nunber of interna
fram ng elements is directly related to an increase in cost. Therefore,

t he nunber of conpartnents should be linmted to that required by the
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Ameri can Bureau of Shipping rules for danaged stability. See Anerican
Bureau of Shipping (ABS) Rules for Building and O assing Ofshore
Installations - Part 1 Structures.
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Speci al attention should be given to watertight integrity at al
penetrations of bul kheads and weat her decks, by using proper hatches, etc.

d) Liquid Storage. Liquid storage in the conpartments shoul d be
avoi ded because the liquid my have a deleterious effect on the concrete
and may be difficult to clean out. 1In addition, ventilation openings and
ot her penetrations may be required in structural elenents.

e) Waves. The floating structure is generally insensitive to
waves in its operational condition because of its mass, which results in a
long roll period. However, ABS requires that the structure have adequate
strength to resist a delivery voyage wave whi ch has a wave |l ength equal to
the length of the structure with a correspondi ng wave hei ght and peri od.

4.6.2.4 Mooring Systens.

a) General. There are two basic structure anchorage systens:
pile systenms and nooring line systenms. The selection of the appropriate
nooring systemis dependent on nany factors, but prinmarily on the
foundation soils. A soils investigation should be conducted to determ ne
soi|l bearing capacities to support piles or anchors. Additional data
required for nooring line systenms include bottomcontours to aid in anchor
and nmooring line |location selection and internal angle of friction to
determ ne size of anchors required to resist sliding. Additional data
required for pile systens include uplift capacity (cohesion) and depth to
point of fixity of the pile.

b) Pile Systens. Pile systens can consist of battered or plunb
steel pipe piles. 1n general, pile systens are recommended for shall ow
wat ers and where depl oynent of anchors is difficult or inpossible. The
use of piles is linted by the soil capacities and the pernmnissible
hori zontal displacenent of the structure. In addition, if pile wells are
required in the structure, |oss of buoyancy and usabl e deck surface area
may result. The use of plunb piles nay result in unacceptable horizonta
di spl acenents of the structure. Oher drawbacks to pile systens include
difficulty in renoving piles for possible reploynent, replacing damaged
piles, and providing pile corrosion protection.

c) Mooring Line Systens. Mooring line systens should be of the
taut-line type. These lines have an initial tension that holds the
structure in position. The effects of vertical and horizonta
di spl acement on nooring |line tension can be mnininzed by setting the
anchors at a large distance (relative to the anticipated displacenent)
fromthe structure. Sone drawbacks to nooring line systenms include
noni toring nmooring line tension while in operation, providing corrosion
protection, and irregular bottom contours and poor soil conditions which
may require extensive bottom preparation.

4.6.2.5 Structural Design.
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a) Ceneral. Design of the structure is separated into |ocal and
gl obal design. The structural fram ng consists of prestressed flat plate
el enents joined together to forma conpartnented box. Prestressing is
hi ghly recommended for cost-effectiveness because it reduces menber
t hi cknesses, thus saving on raw materials and reduci ng wei ght and draft.

b) Local Design. The local design of all plating el enents except
the top deck and the exterior wall supporting the fenders is controlled by
hydrostatic |oads. The critical design condition is for a hydrostatic
head equal to the full depth of the structure. The top deck is designed
simlar to conventional structures.

c) dobal Design. Loads are applied locally to the flat plate
el enents and then transnitted to the structure as a whole. The structure
as a whol e behaves as a rigid beamon an elastic foundation. Al applied
| oads are resisted globally by equival ent uniform hydrostatic |oads. The
critical design |loading conditions are typically deck storage and deck
operational |oads conbined with nom nal wave bendi ng (service | oad
capacity) and delivery voyage wave bendi ng (cracking strength capacity
check). It is necessary to check for cracking in the structure to ensure
integrity for water tightness.

d) Prestressing. Prestressing is provided for strength and
serviceability (i.e., prevents tension in the concrete under service |oads
and controls crack width under extreme |oads). Wtertightness at joints
is al so enhanced by prestressing. The nmini numreconended prestress |eve
in either direction of plate elenents is 300 to 400 psi; however, specific
designs may require higher prestress |evels.

e) Concrete Mx. For watertightness and durability, the concrete
m x used for floating concrete structures should include the follow ng:
hi gh cenent contents (typically in excess of 650 | bs/yd+3+), | ow
wat er/ cenment ratio (typically less than 0.4), air entrainment in freezing
envi ronnents, pozzol anic adm xtures (silica fune or fly ash), and super-
pl asticizers as required to produce workabl e concrete.

4.6.2.6 Fender Systens.

—arGCeneral— Reaction input to the pier structure is a critica

performance paraneter for fender systems. High reactions may require
stiffening of the exterior plating of the pier structure or the |ocation
of additional internal fram ng to support the fender |oads, thus adding
cost to the pier structure. Three types of fenders are reconmended:
foamfilled, buckling cell, and delta. Sufficient evercapaeity additiona
capacity above the cal cul ated design energy should be provided to resi st
extreme berthing energy so as to avoid puncturing the external plating.
For additional criteria, see Section 5, Fender Systens.




4.7 Moori ng Hardware.

4.7.1 Ceneral. Ships are usually nobored to bollards, bitts, and
cleats. Qccasionally, ships may be tied to a quick-rel ease hook. The
position of a ship on a berth is usually controlled by utility hookup and
brow | ocation requirements. The crew in charge of tying up the ship wll
usually tie the Iines to whatever nooring hardware is convenient to give
the required horizontal angle. This often results inlines tied to a

| ower capacity cleat while a high-capacity bollard may only be a few feet
away. Hence, consideration should be given to using only one type of

hi gh-capacity nooring hardware throughout the facility. Wen possible
this nooring hardware should be sized for the nmaxi num size vessel that
could possibly use the facility. Hardware should be spaced to maxim ze
the berth flexibility for use by ships other than the specific vessel the

berth was designed to accompdate. |In addition, nooring hardware
requirenents will depend on the nooring service type assigned to the berth
as defined in ML-HDBK 1026/4. For nooring service types Ill and 1V,

consi deration should be given to providing additional heavy weat her
noori ng hardware. The desire to provide the higher capacity hardware nust
be bal anced with the cost constraints in that the higher strength hardware
and supporting structure will cost nore. The geonetry of the hardware
shoul d preclude nmooring lines fromslipping off, as the mooring angle is
often very steep.

4.7.2 Hardware Types. The following are the nbst comonly used types
of mooring hardware:

4.7.2.1 Bollards. A bollard (Figure 31) is a short single-colunmm cast
steel fitting that extends up froma baseplate that is secured to a strong
poi nt of a shore structure or berthing facility. Bollards are used in
snubbi ng or checking the notion of a ship being noored, by tightening and
| oosening nooring lines that are fastened to them Bollards are also used
for securing a ship that has been placed in its final npored position
Bol | ards without ears should not be used in facilities where a high
vertical angle of the nmooring line is anticipated, to prevent lines from
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slipping off.

4.7.2.2 Bitts. Bitts (Figure 31) are short, double-columm, cast-stee
fittings fastened to the deck of berthing facilities. They are used to
snub and secure a vessel. The double colums allow for convenient and
rapid tying and releasing of nmooring lines, as well as for guiding a line
through to ot her hardware.

4.7.2.3 Cleats. Currently, available cleats (Figure 32) are | ow
capacity cast steel deck fittings having two projecting arms that are

i ntended to be used for securing mooring lines of small craft. They are
provi ded at nost naval facilities. Gven a choice, line handling crews
will use cleats in preference to bollards or bitts, even for |arge ships,
as the possibility of line slippage is renote. However, cleats can easily
be overl oaded when they are used in lieu of major fittings such as

bol | ar ds—fer—securing—heavy—rooringtHnes. Because of
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.

" U(B) CAST STEEL

DOUBLE COLUMN BITT

Figure 31
Bollard and Bitt
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(A) CAST STEEL CLEAT

(B) QUICK RELEASE SWIVEL MOOK

Figure 32
Cleat and Quick-Release Hook
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(A) CAST STEEL

DOUBLE ROLLER CHOCKS

{B) CAPSTAN

Figure 33
Chock and Capstan
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the I ow hol ding capacity of cleats, they should not be used in conbination
wi th higher capacity deck fittings.

4.7.2. 4 Chocks. Chocks are either stationary or roller-equipped cast
deck fittings that are used to train the direction of a nooring |line.
Chocks are avail abl e either open at the top, pernmanently closed, or closed
by a hinged closing piece. See Figure 33.

4.7.2.5 Capstans. Ships outfitted with wi nch-nounted wire rope nooring
lines require greater pulling power than can be provided by one or two
deck hands to draw out the ship's lines. The assignnment is handl ed by
capstans that are mounted along the face of the wharf. The capstans are
snmall electric winches of 5 to 10 hp with a drumrotating about a vertica
axis. The capstan is used by a deck hand who receives a nessenger |ine at
the end of which is fastened the sling of the wire rope hawser. The
capstan, receiving several w nds of the nmessenger line, provides the

pul ling power needed to draw out the wire rope hawser. The nessenger |ine
is then returned to the ship. Capstans are al so used as prinmary gui dance
(breasting and in-haul) to berth ships in drydocks and slip-type berths
(Trident facilities). For these uses, the capstans are of |arger capacity
and are typically two-speed. See Figure 33.

4.7.2.6 Qi ck-Rel ease Hooks. The quick-rel ease hook (Figure 32),
generally nmounted on a swivel base, is a deck fitting used to receive
nooring lines. Wien a ship is required to make a hasty departure fromits
berth, a tug on the hook's rel ease nechani sm unfastens the nooring line.
The mechani sm can also be tripped fromthe ship when a tag line is

provi ded. Thus, a ship can nade a sudden departure w thout the assistance
of shore personnel. Quick-rel ease nooring hooks with integral power
capstans are necessary for securing the steel nooring |ines on petrol eum
tankers at fuel piers, while bollards are needed for the supplenmentary
lines other than steel

4.7.3 Strength. The required strength of nporing hardware and its
fastenings is determi ned by the breaking strength of the strongest nooring
line or Iines that may be fastened to it. Moring hardware can and does
receive nore than one line and as many as three are not unusual. Because
it is unlikely that three lines fastened to one hardware are equally
tensi oned and each pulling in the same direction, the design criteria
general ly consist of the application of a force equal to one and one hal f
to two tines the breaking strength of the strongest nooring |line
anticipated. The sizes of nooring lines are linited to those that can be
conveniently handl ed by deck hands. Thus, wire rope lines generally do
not exceed 1- 3/4 |n di anet er.

fittings connnnly used on U.S. Navy pier and wharves are sunmarized in

Tabl e 6.
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Table 6
Mooring Fittings

DESCRI PTI ON S| ZE BOLTS WWORKI NG CAPACI TY
(tons)
Speci al Moori ng Height = 48 in. 12 x 1-in. dia. Horiz. = 330
Bollard “A” Base: 48x48 in. @5 deg = 215
Nom = 225
Speci al Moori ng Height = 44.5 in. 8 x 2.25-in. dia. Horiz. = 135
Bollard “B’ Base: 39x39 in. @5 deg = 108
Nom = 100
Large bollard Height = 44.5 in. 4 x 1.75-in. dia. Horiz. = 52
with Horn Base: 39x39 in. @5 deg = 33
Nom = 35
Large Double Bitt | Height = 26 in. 10 x 1.75-in. dia. Nom = 37.5*
with Lip Base: 73.5x28 in.
Low Doubl e Bitt Height = 18 in. 10 x 1.625-in. dia. Nom = 30*
with lip Base: 57.5x21.5 in.
42-inch d eat Height = 13 in. 6 x 1.125-in. dia. Nom = 20
Base: 26x14.25 in.
30-inch d eat Height = 13 in. 4 x 1.125-in. dia. Nom = 10
Base: 16x16 in.

*Worki ng capacity per barrel: after NAVFAC Drawi ng No. 1404464

4.7.4 Placenent. |If a berthing facility were always to receive the
same class of ship, each of which had identical arrangenents for putting
out nmooring lines, a specific pattern for nooring hardware spaci ng, based
on the ship's fittings, would be satisfactory. Mst naval berthing
facilities require a high degree of flexibility in order to be able to
recei ve several types and sizes of ships. Therefore, a universal pattern
for nooring hardware spacing is preferred. Mboring hardware spaced at 60
ft on centers along the berthing face of a structure will, in npst

i nstances, provide the nunber of fittings required to secure the ships
during the periods of time that wind velocities and conditions of sea do
not exceed the design criteria established for thefaeitynooring service
types I and Il. Mooring service types Ill and IV will likely require
additional high capacity stormbollards which are nornally set back at

| east 100 feet fromthe face of the berth to provide a shalloow line
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angl e.

a) A berthing facility that will accommodate ships having | arge
wi nd presentnents, such as aircraft carriers, should be outfitted with

supplerental—12 — 100 ton bollards
forecastat 100 foot centers and 4 — 200 ton storm bol lards at each end.

The suppterental—boelHards—and—storm boll ards, which would be used to

secure nefrwal breasting |ines, should be |ocated inshore fromthe face of
the wharf, thus reducing vertical angles and pernitting the use of |onger
(safer) nDorlng lines. t

b) At subrmarine berths where nmooring lines go down to the
submarine, the nooring hardware should be |ocated as close as possible to
the wat erside edge of the bullrail to nmininize chafing of the lines.
VWhere this is not feasible, a continuous snoboth menber such as a bent

pl ate shoul d be cast in the concrete bullrail, as shown in Figure 34.
4.8 Moori ng Dol phi ns/ Pl at f or ns.
4.8.1 Ceneral. Moring dol phins are smal- i ndependent structures

constructed at one or both ends of a wharf (or outboard end of a pier) to
provide a nore favorable angle to the nooring lines. The dolphinis
accessed by a wal kway fromthe pier or wharf end. Typically, the nmooring
line fromthe ship is carried on the wal kway and attached to nooring

har dware nounted on top of the dol phin.

4.8.2 Design. The primary |load for a mooring dol phin cones fromthe
tension in the nmooring line. It is typically constructed as an open pile

supported structure. Where filled (solid) construction is pernmitted, a
single sheet pile cell may be utilized. Wen a platformis provided for
the dol phin, it should be | arge enough to allow a 3-foot-w de wal ki ng
space all around the nooring hardware.

4.8.3 Construction. Tinber nooring dol phines can be constructed from
7, 19, or 37 wood piles with a king pile in the center and other piles
arranged in a circular pattern around the king pile. A 19-pile dolphinis

|Ilustrated in Flgure 35(A) —DepeﬂdLﬂg—en—Lhe—pHLL~eHP—FesLsPanee

kkps—e#—LaPeFaL—Lead—— The use of tlnber dol phins should be linmited to

facilities not requiring high capacity nporing points. Tinber dol phins
may be required for magnetic sensitive facilities. |In areas with ready
access to tinber piles, tinber dol phins may be popular for small craft,
tugs, patrol craft and barges. For higher |oads, a concrete dolphin is
preferred, which is illustrated in Figure 35(B). Because both tinber and
concrete dol phins can be expected to nove significantly (1 to 6 in.) from
the lateral |oad, the access wal kway shoul d be designed and detailed to
all ow for this novenent.
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4.9 M scel | aneous Consi der ati ons.

4.9.1 Expansi on Joi nts. SineeBecause expansion joints require frequent
mai nt enance for proper functioning, piers and wharves should use as few
joints as possible. The size and nunber will depend on the tenperature
range and structural system enployed. Expansion joints should be provided
at the junction of an approach with the main structure and such other

pl aces where there is a major structural discontinuity. Provide
addi ti onal expansion joints where necessary to limt buildup of therma

| oads. (See Section 3, paragraph 3.34.6, Thernmal Loads.) For recomended
types of expansion joints, see NAVFAC DM 25.-06M L-HDBK 1025/6. The joint
shoul d be continued through railroad tracks and crane rail tracks.
Reconmended details are shown in Figures 36 and 37. Likewi se, utilities
crossi ng expansion joints should be detailed to accommpdate the expected

[ ongi tudi nal and | ateral novements.

4.9.2 Drai nage. Pier and wharf decks should be sloped in transverse
and longitudinal direction to deck drains or scuppers to provide for

drai nage of stormwater. \here pernitted, the stormwater can be drained
off to the water below, however, if fuel, oils, and chenicals are to be
handl ed on the facility, the stormwater should be collected and pi ped off
for treatnment. A conplete review of local jurisdictional requirenents for
storm wat er nanagenent and treatnment is required for each facility may
vary significantly between locations. It is customary to use subsurface
drains in ballasted decks to handle any snmall anounts
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of water that may seep through the paving. This water is normally not
col | ected.

4.9.3 Bullrail. On all waterside edges of piers and wharves, a curb or
bullrail at-+teast9 to 12 in. high by 48-12 to 24 in. w de should be

provi ded. Sone nooring hardware may be acconmpdated within the 24-in.
width, thus permitting a clear inside face for easy snow renoval and |ine
handling. As shown in Figure 34, it is also generally possible to house
utility vaults within the width of the bullrail. The bullrail should be
sufficiently reinforced and anchored to the deck structure. \Wen a
continuous bullrail is available, it may be reinforced to serve as chord
menber for a structural diaphragm

4.9.4 Uility Trench. Sinece—Because the utility services are nostly
needed along the pier or wharf edge, the main utility trenches should be
kept close to the bullrail. The trench may be underhung or kept above, as

shown in Figure 38. The trench covers shoul d be renovabl e and nade of
concrete, steel, or conposite construction. Although the trench covers
need not be watertight, a good seal should be used at joints to prevent
acci dental seepage of spilled liquids. Frequently spaced drains should be
pl aced along the trench to prevent flooding. Adequate width and depth
need to be provided to allow access for mmintenance of utilities.

4.9.5 Transformer Vaults. When a clear deck is required for
operations, the electrical transforners and sw tchgear may be housed in
under hung vaults, as shown in Figure 39. The vaults nust be constructed
wat erti ght and provided with sunps and punps for quick renoval of |eaked
water. The vault covers should be renpovable. The joints between vault
and cover should be watertight. Sihree—Because the continued functioning
of the transfornmers is critical to the facility operation, a separate roof
system shoul d be enpl oyed just bel ow the renpvabl e covers to serve as a
second |line of defense against joint |eaks.

4.9.6 Uility Hoods. Connection points or "utility risers" projecting
above deck or bullrail should be protected from snaggi ng of nmooring |ines
by pipe rails or concrete hoods, as shown in Figure 40. Alternatively,
when the bullrail is w de enough, hinged utility covers like the one shown
in Figure 34 nay be enployed. For convenience of the users, the risers
shoul d not face away fromthe ship, and should be adequately sized for
ease of operation.

4.9.7 Deck Markings. Al berths and utility stations should be narked
as illustrated in Figure 41. 1In addition, centerlines of all structura
bents and | oad capacities of all nooring hardware should be painted on the
bullrail.

4.9.8 Wearing Course. GCenerally, a wearing course is not needed for

concrete deck structure. However, for precast concrete decks, an asphalt
concrete or cenent concrete wearing surface may be utilized to provide a
sl ope for drainage. For ballasted decks and for solid (filled) type
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construction, a wearing course is necessary. For these applications,
asphaltic concrete is preferred over cenent concrete as the former is
easier to repair and maintain and better tol erates substrate novenent.
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{A) STEEL ROPE GUARD OVER VALVE STATION,

(B8) CONGRETE ROPE GUARD'OVER ELECTRICAL BOX

Flgure 40
Utility Hoods
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Section 5. FENDER SYSTEMS
51 Gener al Consi derati ons

5.1.1 Ceneral. The fender systemis the interface between the ship
and the shore facility. During the berthing of a ship, the fender system
is neant to act as a buffer in absorbing or dissipating the inpact energy
of the ship without causing permanent damage to the ship or the shore
facility. Were ships are to be berthed against relatively inflexible
solid piers and wharves, protection of the ship is a critical function
When ships are to be berthed against pile-supported piers, wharves, and
dol phins (which are relatively flexible), protection of the structure is
nmay be the nore serious concern. Once the ship is successfully berthed
and noored to the shore facility, the fender system continues to provide
the interface between ship and shore and transmts the environnmental | oads
(wi nd, waves, and current) on the ship to the structure. For subnarine
and other lowprofile ship berthing, the fender system al so provides a
physical barrier to prevent the vessel from going underneath the pier and
causing a maj or accident.

5.1.2 Berthing Practice. The selection and design of a fender
systemis highly dependent on the berthing practice enployed at the
particul ar naval facility. Typically, large ships are expected to be
brought into the berth assisted by two or nore tug boats. Snaller ships
in sone |ocations may be allowed to cone in on their own power. Wen
assisted by tugs, the ship would arrive off the berth and parallel to it.
The ship then stops dead in the water and the tugs push and pull the ship
transversely toward the berth in an attenpt to make contact with as nuch
of the fender system as possible. Wen unassisted by tugs, the smaller
ship will be eased into its berth at sone slight angle, referred to as the
angl e of approach. In both cases, the initial contact is limted to a
relatively small portion of the fender system Assunptions will have to
be made regardi ng the approach angle and contact | ength.

5.1.3 Separators. Because of the many reasons explained in Section 6,
nmost Navy ships are berthed agai nst separators. This practice is the nost
significant difference between comrercial ship berthing and naval ship
berthing. For aircraft carrier and subnarine berthing, separators are
mandat ory. For surface conbatant berthing, even though separators are not
needed, they are preferred to direct the berthing forces at the waterline
(where the ship is strongest). Berthing against separators, which are
usually floating canels, concentrates the inpact energy to a small length
of the fender systemas well as applies the energy at sone di stance bel ow
the deck. This aspect must be recognized in all fender system design for
Navy ships. A fender system designed for comercial ships will, in
general , not be satisfactory for naval applications. The practice of using
canmel s has resulted in a general trend for a nininumof hull protrusions
near the waterline. Fender systens with higher fender contact area are
nore susceptible to danage from | ongi tudi nal novenent of the vessel due to

snags.
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5.1. 4 Systens Approach. The inpact energy of the berthing ship is
absorbed in a conplex system of interconnected elenments. For the system
shown in Figure 42, the | oad passes fromthe ship's hull to the separator
which is backed by a series of fender piles. The fender piles in turn are

supported by rubber fender units at the deck level. The ship's energy in
this case is absorbed by the ship's hull, rubbing strips, separator
fender piles, and rubber fenders at deck level. The system can be nodel ed

as shown in Figure 42(C). The energy absorbed and the force devel oped by
each el enment can only be solved by an iterative process.

5.1.5 Functi onal Requirenents.

5.1.5.1 Energy Absorption. All fender systenms should be designed for
absorption of the ship's berthing energy in all the structural types of
pi ers and wharves.

5.1.5.2 Separators. Al piers and wharves should be designed for
berthing with canels and other separators. To provide berthing
flexibility and to allow for the requirenents of ship maintenance, the
entire berth length should be suitable for the placenent of separators.

5.1.5.3 Normal Berthing. The fender system should be able to absorb
the energy fromnormal berthing operations within the working stress or
acceptabl e deformation range as defined in this section. Sone

manuf acturers indicate a | oad deflection curve tolerance of plus or ninus
10% If this is determned to be the case, the design reaction on the
structure should be increased by 10% and the energy absorption for design
shoul d be decreased by 10% Variations in the speed of testing of fenders

may affect the resulting | oad-deflection curves. Were the test |oads are

applied rapidly, i.e., at a speed conparable to the actual ship berthing,
the | oad-deflection will indicate higher reaction and energy than if the
test load is applied slowy. Therefor, care should be taken when
conparing test results fromdifferent nanufacturers, and appropriate

adj ustments should be nade in the factors of safety used in design.
Differences of in the order of 30% can be expected.

5.1.5.4 Acci dental Berthing. SinreeBecause the fender systemis |ess
expensive than the ship or the berthing structure, sone damage to it may
be pernissible and acceptable. So, in the event of an accidenta
situation, it is the fender systemthat should be "sacrificed." Loss of
the berth has a nuch nore serious consequence than | oss of part or all of
the fender systemin ternms of the cost and tine required to restore the
facility. The cost and tinme to repair a damaged ship is of nmuch greater
concern than the berth and the fender system The accidental condition
may be caused by increased approach angle or approach velocity or a unique
situation that cannot be anticipated. In the absence of any other accident
scenario, the berthing energy as calculated in this section should be

i ncreased by at |east 50 percent and the fender system shoul d be capable
of providing this "reserve" capacity at or near failure of the system
materi al s.

5.1.5.5 Moored Condition. Al fender systens sel ected should be
capabl e of safely transferring the environnmental |oads on the ship to the
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nooring structure.

5.1.5.6 Hul | Danmage. All fender systenms shoul d be designed to prevent
per manent deformation of the ship's hull. It is nmuch nore expensive to
repair a ship's hull than rehabilitate a damaged fender system The
conposition of a typical Navy hull is steel plating welded to | ongitudina
(horizontal) stiffeners at two to four feet on center. The stiffeners span
fromfive to twenty feet depending on the vessel. Generally, the
stiffeners are of sufficient strength to preclude failure from fender

| oadi ng. However, the hull plating may yield when subjected to a unifornmy
di stributed overload on the panel. Fender systenms with rigid face

el ements or in conbination with rigid canels tend to concentrate the
reaction forces on the ships franes versus the hull plating due to the
relative stiffness of the frames. See TR-6015-0CN, “Foam Filled Fender
Design to Prevent Hull Danege”, for additional infornation.

5.2 Bert hi ng Energy Deternination

5.2.1 Met hods. The follow ng nethods can be used in the
determ nati on of berthing energy of the ship.

a) Kinetic Method. The kinetic nmethod is the ol dest and

so far the nbpst comonly used approach. It is based on the expression
EQUATI ON: E = % MW? (2)
wher e

E = Energy of ship at berthing

M= Mass or the water displacenent of the berthing ship

v = The approach velocity of the ship at the nmonent of inpact

agai nst the fender
b) Statistical Method. This nmethod is based on actua
nmeasurenents of the energy of the inpact at existing berths. This nethod
is closely related to the conditions of the site where the neasurenents
were taken and is dependent on the fender |ayout and construction itself
as, e.g., distance between piles, and of the state of |oading of the ship.

c) Scale Mdel. This nethod, which nmakes use of a snal
scal e nodel test of the berth to be designed in a well-equipped hydraulic
| aboratory or ship nodel basin, suffers fromthe scale and viscosity
ef fects and requires experienced interpretation

d) Mathenmatical Mdel. The Naval Facilities Engineering
Service Center (NFESC) has devel oped an anal ytical nodel which can
accurately predict ship berthing inpact forces. The nodel enploys a
conputational fluid nechanics approach, coupling a Reynol ds-Averaged
Navi er - St okes (RANS) nunerical nethod with a six-degree-of-freedom notion
program for tinme-donmain sinulation of ship and fender reactions. The npde
has been verified with data fromsnmall scale and full scale tests—TFhis
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5.2.2 Kinetic Method. The kinetic energy nmethod is the recomended
met hod for piers and wharves of naval facilities. Wen the displacenent
tonnage of the ship is known, the energy equation can be witten as
EQUATI ON: Eship = YW g (3)
wher e

Esnip = Berthing energy of ship (ft-1bs)

W= Weight of the ship in pounds

(di spl acerment tonnage x 2, 240)

Accel eration due to gravity (32.2 ft/second?

Berthing velocity nornmal to the berth (ft/second)

<
1

However, there are several factors that nodify the actual energy to be

absorbed by the fender system The expression can be witten as
EQUATI ON: Erender = G X Gy X Eship (4)
wher e

Efender = Energy to be absorbed by the fender system

G Berthing coefficient = G x G x G x G

Ef fective mass or virtual mass coefficient

Cn

Each of these coefficients is discussed separately bel ow.

a) Eccentricity Coefficient (CG). During the berthing
maneuver, when the ship is not exactly parallel to the berthing line, not
all the kinetic energy of the ship will be transmitted to the fenders.

Due to the reaction fromthe fender, the ship will start to rotate around

the contact point, thus dissipating part of its energy. Treating the ship
as arigid rod of negligible width in the analysis of the energy of inpact
on the fenders leads to the sinple fornula:
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EQUATI ON: C = k% (a® + k? (5)
wher e
k = Radi us of longitudinal gyration of the ship in ft

a = Distance between the ship's center of gravity and the point of contact on
the ship's side, projected onto the ship's longitudinal axis in ft

Values of G typically are between 0.4 and 0.7. The values for G nay be
conputed from Fi gure 43

b) Geonetric Coefficient (G). The geonetric
coefficient, G, depends upon the geonetric configuration of the ship at
the point of inpact. It varies fromO0.85 for an increasing convex
curvature to 1.25 for concave curvature. Cenerally, 0.95 is
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ended for the inpact point at or beyond the quarter points of the ship,
and 1.0 for broadside berthing in which contact is nmade al ong the straight
si de.

c) Deformation Coefficient (G). This accounts for the
energy reduction effects due to local deformation of the ship's hull and
defl ection of the whole ship along its longitudinal axis. The energy
absorbed by the ship depends on the relative stiffness of the ship and the
obstruction. The deformation coefficient varies from0.9 for a non-
resilient fender to nearly 1.0 for a flexible fender. For |arger ships on
ener gy- absor bi ng fender systens, little or no defornmation of the ship
takes place; therefore, a coefficient of 1.0 is recommended.

d) Configuration Coefficient (G). This factor has been
i ntroduced to take into account the difference between an open pier or
wharf and a solid pier or wharf. |In the first case, the novenents of the
wat er surroundi ng the berthing ship are not (or hardly) affected by the
berth. 1In the second case, the water between the berthing ship and the
structure is squeezed, which introduces a cushion effect that represents
an extra force on the ship away fromthe berth and reduces the energy to
be absorbed by the fender system Therefore, a reduction factor has to
take care of this effect. Experience has indicated that for a solid
guaywal | about one quarter of the energy of the berthing ship is absorbed
by the water cushion; therefore, the follow ng values for C appear to be
justified:

For open berth and corners of solid piers, G = 1.0.
For solid piers with parallel approach, G = 0.8.

For berths with different conditions, C mght be chosen
somewher e bet ween these val ues.

e) Effective Mass or Virtual Mass Coefficient (C). Wen
a ship approaches a dock, the berthing inpact is induced not only by the
mass of the noving ship, but also by the water mass noving along with the
ship. The latter is generally called the "hydrodynanic" or "added" mass.
In determ ning the kinetic energy of a berthing ship, the effective or
virtual mass (a sum of ship mass and hydrodynam ¢ mass) shoul d be used.
The hydrodynam ¢ nmass does not necessarily vary with the mass of the ship,
but is closely related to the projected area of the ship at right angles
to the direction of nmotion. Oher factors, such as the form of ship,
wat er depth, berthing velocity, and accel erati on and decel erati on of the
ship, will have sone effect on the hydrodynam ¢ mass. Taking into account
bot h nbdel and prototype experinents, the effective or virtual mnass
coefficient can be estinmated as

EQUATI ON: Ch=1+ 2D8B (6)
wher e

Maxi mum draft of ship

us]
1

Beam wi dt h of ship
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execeed—20--Formul as for conputing the added nass coefficient, such as
Equation(6) from PIANC, predict a narrow range of values for G, 1.5 for a
draft- to- depth ratio of 2.0 and 1.8 for draft- to- depth ratio of 1.1.

Pl ANC recogni zes that sone investigators have obtained | arger values for
added mass coefficients but suggests that these results fromsnall scale
tests do not accurately nodel full scale conditions.

The Naval Facilities Engineering Service Center (NFESC) has
devel oped an anal yti cal nodel which can accurately predict ship berthing
i npact forces. The nodel enploys a conputational fluid nmechanics approach
coupling a Reynol ds- Aver aged Navi er- St okes (RANS) nunerical nmethod with a
si x-degree-of -freedom notion programfor tine-domain simulation of ship
and fender reactions. The nodel has been verified with data from snall
scale and full scale tests. Results fromthe new nodel for two ship
cl asses yield added nass coefficients close to those cal cul ated by the
PIANC fornmula as long as the depth-to-draft ratio exceeds 1.2. Wen the
under hul | cl earance becones small, i.e. for depth-to-draft ratios |ess
than 1.2, predicted added nmass coefficients can exceed the PI ANC val ues.
Added nass values of 5.0 or higher are predicted for ships berthing
agai nst open piers (pile supported) equipped with soft fenders, such as
pneunatic or foamfilled cushions. Designers shoul d consider using higher
val ues for the added mass coefficient under these conditions.

f) Berthing Coefficient (G). Eccentricity (&),
geonetric (G), deformation (Cy), and configuration (C) coefficients are
soneti nmes conbined into a single value called berthing coefficient.

g) Berthing or Approach Velocity (v). It should be
noted that the kinetic energy of the berthing ship is a function of the
square of the normal conponent of its approach velocity. Thus, the
kinetic energy as well as the resultant force on the berthing structure
are sensitive to changes in approach velocity. By doubling the design
val ue of the approach velocity, the ship's kinetic energy is quadrupl ed.
Desi gn val ues used for the approach velocity normal to the berth may vary
fromO0.25 to 1.50 fps, depending on the size of the ship being docked and
the tug assistance that is enployed. Larger vessels with adequate tugboat
assi stance can generally berth gently and the | ower design velocity may be
used. Smaller vessels that self-dock may approach the wharf at
consi derably hi gher speeds and, accordingly, the higher design velocity
shoul d be used. The berthing velocity is also affected by the difficulty
of the approach, naneuvering space for tugs (slip width), and | ocation of
the pier or wharf facility. Hi gher approach velocities should be
antici pated when the berth is located in exposed waters where
environnental |oads cause difficulty in controlling the ship. Also,
currents in tidal estuaries in protected waters can be of nmjor concern
Approach velocity nornal to the berth may be taken from Figures 44 and 45.
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The deternmination as to whether a facility is "exposed," "noderate," or
"sheltered" depends on the environnmental conditions at the site and is a
matter for professional judgnent by the designer. Mst naval facilities
inthe United States are situated in protected waters and can be taken as
"sheltered." \Where high currents (0.3 fps or nobre) or strong w nds (40
knots or nmore) occur frequently, a "noderate" condition should be assuned.
The "exposed" condition nmay be used when unusually severe currents and

w nds are present. However, |ocal experience with ship berthing should
control the sel ection.

5.2.3 Exanpl e Cal cul ation. Conpute the energy to be absorbed by a
fender systemin a tug-assisted berthing of a vessel at a pier located in
a sheltered basin. The following information is furnished:

Water depth at berth  ............... 35 ft
Berthing draft, fully loaded .......... 28 ft
Di spl acenent, fully loaded ........ 20,500 long tons
Length ... ... . 564 ft
Beam. . . . . . . . . . . ... 81 ft

G =GCGxCGxCGx C.=0.5
Ef ender = %W?g x G x Cn
v fromFigure 45 = 0.27 fps
Ch=1+ 2B/D=1 + 2(28/81) = 1.69
Efender = Y2 X (20,500/ 32. 2)x(2250/1000) x 0.272 x 0.5 x 1.69
= 44.1 ft-Kkips
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5.2.4 Berthing Energy for Subnarines. The kinetic nmethod for

cal cul ating berthing energy as expl ai ned above is generally applicable for
submarines. However, the fornula for conputing the effective nass
coefficient (Cy) is not applicable. The cognizant naval agency, such as
NAVSEA, shoul d be contacted for a recomendati on for C, based on the node
study for the specific class of subnmarine. Because submarines will always
be tug-assisted and berthed agai nst canels, the approach velocity as
obtained fromFigure 44 for sheltered-to-nbderate conditions may be used
in the absence of nore specific information

5.3 Types of Fender Systens.

5.3.1 Ceneral . Fender systens absorb or dissipate the kinetic
energy of the berthing ship by converting it into potential energy in the
fender materials. This could be in the formof deflection of a fender
pile, conpression of a colum of rubber, deformation of a foamfilled
cylinder, torsion of a steel shaft, or pressuring of a pneumatic fender

O her energy conversion processes are possible. Hydraulic fenders absorb
energy in the formof heat. However, nopst practical systens use the
potential energy conversion and are the only systens to be consi dered.

5.3.2 Fender System Conponents.
5.3.2.1 Fender Piles. Althoush timber—oand steclpiles ore the most

he bul Lrail I . e . . Lot hi
between—+eactionforce—anddeflection—Al t houghtinber, steel and

prestressed concrete piles are the nost commonly used, conposite piles are
al so being introduced. There are two prinmary types of conposite piles.
One is nmade of fiber reinforced plastic (FRP) in the formof a tube which
can be filled with concrete for greater strength and stiffness. The
second is nade of thernoplastics (such as high-density pol yethyl ene, HDPE)
and reinforced with either steel or FRP strands. These types of conposite
pil es have been in use at several Naval bases with generally favorable
results. The fender piles are usually connected to a chock and wal er

system at the deck level. Rubber fender units are sonetines placed
bet ween the wal e and pier deck fascia for additional energy absorption
capacity. In the working stress range, there is an approxinmate |inear

rel ati onshi p between reaction force and deflection. Because of a higher
susceptibility to abrasion and inpact damage the thernoset FRP tube type
pil e should have rubberized abrasion strips installed at potential contact
points with berthed vessels.

The reinforced thernoplastic type pile generally exhibit |arger |oad-

defl ection properties conpared to conventional wood, steel or concrete
piles. To ensure uniformloading and avoid premature failure of fender
system conponents these type piles should not be used in parallel or m xed

with conventional type piles in the sane system
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5.3.2.2 End- Loaded Rubber Fenders. These work by el astic conpression
of holl ow rubber cylinder elements with small |ength-to-dianeter ratios.
As shown in Figure 46(A), steel fender panels w th special rubbing
material facing are usually required to nmininize wear. The reaction force
is an exponential function of the deflection. These fenders are usually
attached directly to the pier or wharf structure in the formof a "cel
fender."

5.3.2.3 Si de- Loaded Rubber Fenders. These are holl ow rubber units
avail able in trapezoidal, circular, square, or D shapes that, when | oaded
at their side, deformby trying to flatten out. See Figure 46(B). The
potential energy is stored by a conbination of conpression and bendi ng of
the rubber elenents. The reaction force is an exponential function of the
defl ection and the performance curve is quite simlar for all the shapes.
Fenders having a curved rather than flat external surface increase in
stiffness nore gradually as the area of contact increases during
deformation. Al these fenders experience a sharp and rapid increase in
stiffness when the anpbunt of deflection conpletely collapses the open
bore, regardless of their external contour. Side-Ioaded rubber fenders
will not absorb | arge ambunts of energy and are not generally used al one.
They are usually provided at the top of fender piles in discontinuous

pi eces, as shown in Figure 54.
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5.3.2.4 Rubber Shear Fenders. The potential energy in these units is
stored as el astic shear deformation of the rubber. Usually, a solid
rubber bl ock is vulcanized between two netal plates and the force is
transferred through a fender frane or panel, as shown in Figure 47. These
fenders are highly sensitive to proper manufacturing and installation as

t hey depend on the bond between steel plates and the rubber. The force-
deflection relationship is essentially |inear

5.3.2.5 Buckl ing Fenders. These fenders operate on the buckling
columm principle in which a nolded colum of rubber is |oaded axially
until it buckles laterally. The end-Ioaded cylinder fenders described

earlier are actually a buckling fender in principle. Mst buckling
fenders are not well suited for direct contact with a noving ship and
hence are used with an abrasion or protector panel, as shown in Figure 48.
The reaction force is linear up to a |l evel when the pure conpression
behavi or changes to the buckling node. Hence, initially a relatively high
reaction is built up with a small deflection, which then stays constant
through the rest of the deflection range. SineeBecause buckling fenders |
are intended to buckle in a predeterm ned direction, any latera

deflection can significantly reduce their effectiveness. Wen latera
loads in either direction (parallel to Iength of berth or up/down) are
anticipated, a cell-type fender is preferred. These fenders are becon ng

i ncreasi ngly popular for berthing very large ships as they can absorb very
hi gh energy with a constant reaction force.

5.3.2.6 Pneumatic / Hydro-Pneunati ¢ Fenders. The potential energy in |
these fenders is stored by the elastic conpression of a confined vol unme of
air. By varying the internal pressure of air, the energy-absorption
characteristic can be changed. To prevent the air pressure from
increasing to a "blowout” |evel, pneurmatic fenders are provided with a
relief valve or deflection limter within the body of the unit. The shel
construction for these fenders is simlar to an autonmobile tire with
several laminations to provide the high tensile strength required. The
surface pressure of these fenders is uniform resulting in uniform hul
pressure. Reaction force is an exponential function of deflection. The
basic types of pneunatic fenders in conmon use are di scussed bel ow

a) Air Block and Air Cushion. The shells for these are
chemical ly bonded and nechanically coupled to a rigid nounting plate that
can be attached to a solid face of the berthing structure. See Figures
49(C) and 49(D).

b) Floating. The floating type is usually cylindrical
in shape with hem spherical ends and is attached to the structure by
chains. It floats on the water and rises and falls with the tide. The
unit requires a backing systemto distribute the load. As shown in
Figures 49(A) and 49(E), large floating pneumatic types are covered with a
net of used autonobile tires and cylindrical rubber sleeves to protect the
fender from puncture and abrasion. The tire net and chains also formthe
means for rigging and attaching the fender to the pier
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c) Tirle. This type consists of a large-dianmeter tire
mount ed on an axl e and backed by rollers. The unit can be nounted with
its axis of rotation vertical or horizontal. This type is particularly
suited for pronounced corners of the structure where ships may have
approach difficulties. See Figure 49(B)

d) Hydro-Pneumatic. This type of fender has been
devel oped for use with subnarines and consists of a vertically nounted
cylindrical pneumatic fender partially filled with water and backed by a
cl osely spaced group of fender piles. See Figure ??? {USE FI GURE FROM
DUANE DAVI S 3/30/99 REPORT}. A ballast weight is added to adjust the
degree of subnergence of the fender to coordinate the vertical center of
the fender with the horizontal center of the submarine hull. The fender
unit floats with the tide and therefor stays in the sane relative position
with the vessel

5.3.2.7 Foam Fi | | ed Fenders. These are constructed of resilient,

cl osed-cell foam surrounded by an elastonmeric skin. Additional protection
agai nst abrasion can be provided by thicker elastonmeric coatings or an
external tire net, similar to the floating pneumatic type. The fender
requi res a backing systemto distribute the load. Netless fenders cost
nore due to the need for thicker skins and coatings. However, the greater
hul | marking of the tire net and occasi onal nmi ntenance need suggest that
netl ess fenders may be preferred. The unit floats up and down with the
tide and is held in place with chains. The cellular structure of the foam
filling reacts |ike hundreds of millions of individual pneumatic fenders

i n deform ng and absorbing the energy. The foamcontains the air within
its cellular structure and tends to conpress upon itself rather than bul ge
peripherally. The foamfilled fenders have a high energy absorption with
conparatively small reaction force. Surface pressure of the fender is not
quite uniformwhen it is conpressed, so the hull pressure over the contact
area is not quite uniform \here rough concrete surfaces of the backing
surface or pretressed concrete piles is a concern, consideration should be
given to using UHWV pads or strips to protect the skin of the foamfilled
fender {should this be required?}. See Figure 50 for construction and
installation details.

5.3.3 Fender Systens. The conponents di scussed above, used

i ndi vidually or in conbination along with the ship, separator, and
structure, formthe fender system Usually, very little energy is
absorbed in the formof ship deformation. Separators also have little or
no energy-absorption capability by thensel ves, unless a fender unit is
installed between the ship and the separator. The structure in nost cases
is assuned to be inflexible and energy absorbed is not counted. However,

i n berthing agai nst breasting dol phins in deep waters, the energy absorbed
by the structure is significant and nay be taken into account. The
following are the commonly used fender systens.

5.3.3.1 Fender Piles with Side-Loaded Rubber Units. This is the npst
comonly used systemin existing Navy piers and wharves. This systemis
stiff and | acks deflection which results in high reaction | oads and

DRAFT




DRAFT

frequent breakage of piling and hull damage. As shown in Figure 51, this
system enpl oys a series of closely spaced fender piles (5- to 10-ft

spaci ng) connected together by chocks and walers. A rubber fender unit is
nmount ed between the wal er and the berthing structure. A series of

di agonal chains fromthe structure to the wal er conpletes the system The
system has werked—very—well— been widely used in both naval and conmerci al
faciliti es—when—used—wi-th tTight-fitting joints between chocks, walers,
and pile head, and—when—w th proper tension splices that provide
conpression and tension continuity along the face of berth-areusednust be
provided. See NFESC SP??7??, “Design Criterial for Chocks and Wal es” for
gui dance on the design of chocks and wal es. Ships may be berthed either
directly or through a log canel. However, when canels are used, the
fender piling nust be sized to resist the resulting bending. Although
tinber piles are nore common, steel piles have also been used. Concrete
pil es appear to have significant advantages over steel and tinber in this
type of application. The concrete piles may al so be designed to all ow

| arge defl ections and energy absorption and are being tested by the Navy.
See Naval—CviH—Enrginheering—taberatery{(NCEL)— NFESC TM 51- 85-19

Devel opnent of Prestressed Concrete Fender Piles Prelimnary Tests and
NFESC TM 53-89-03, Prestressed Concrete Fender Piling User Data Package.
For specification guidance see NFGS 02395, Prestressed Concrete Fender
Piling.
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CLOSED CELL FOAM

{ o

INTERNAL CHAIN ELASTOMER SHELL

(A) FOAM FENDER WITH INTERNAL END FITTING

\

CHAIN AND TIRE NET CLOSED CELL FOAM

(8 ) FOAM FENDER WITH EXTERNAL END FITTING
AND TIRE NET

Figure 50
Foam-Filled Fenders
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Figure 51
Fender Pile with Side-Loaded Fenders
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?UPDATE W TH SKETCHES FROM NFESC REPORT ON CHOCKS & WALES?
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The system provi des good berthing flexibility. Ships of different sizes,
tugboats, submarines, and barges can be accommpdat ed wi t hout any

nmodi fication. However, when used with floating canmels, which tend to cock
bet ween the ship and the piles, the ship's energy nmay becone concentrated
on just one or two piles. Hence, unless the floating canmel is tightly
secured to the piles (guided by piles), the systemw |l not work well and
frequent damage will occur. The pile-rubber systemis not recomended for
solid and other types of piers and wharves where full deflection of the
piles within the working range will be-preventedi nhibited. Wen this
systemis enployed throughout the |length of berth, the rubber fender units
shoul d be sized for direct berthing of ships (w thout the use of canels).

5.3.3.2 Directly Mounted Fender Units. In this system individua
fender units like the cell or buckling colum type are attached directly
to the pier or wharf face. For narrow tidal range in solid piers and
wharves, and for narrow vessel size range, this system nay be cost-
effective for direct berthing of surface ships. However, additiona
fender types will have to be used for berthing submarines and for berthing
ships with a separator. Although this systemis very popular in comrercial
pi ers and wharves throughout the world, it nmay not be suitable for some
naval facilities. This systemis subject to damage from snaggi ng on ship
protrusions at levels of 8 to 10 feet above the water line and from
vertical loads resulting fromsnags on rails and protrusi ons during
falling tides or fromlateral | oads due to snags on protrusion during

| ongi tudi nal novenent of the ship

5.3.3.3 Fl oati ng Fender Units. This system consists of foamfilled or
pneurmati c fender units and a backing system As the fender units can be
positioned to float with the tide, several surface ship types can be
handl ed. The backi ng system shoul d be designed to work with the fender
unit for the full tidal range. SineeBecause the floating units are

usual ly rather large, they provide a good standoff and may function as a
separator as well. The berthing structure may be designed with the
backi ng systemat different points along the length of berth and the
fender units noved around as berthing plans change. Some prom sing
backi ng concepts are shown in Figures 52 and 53. Wen clustered piles or
sheet piles are used for the backing system additional energy can be
absorbed by the piles and their support systens at the deck |evel.

5.3.3.4 Conbi nati on System Any of the above-nentioned fender systens
may be conbined in the sanme berth to make up the deficiency of another. A
berth may have either the floating fender units or directly nounted
fenders at discrete points, with the in-between spaces filled up by the

pi | e/ rubber system designed to work with separators. Floating fenders and
directly nmounted fenders may be used alternately along solid or two-story
types of piers and wharves. Conbination systens are illustrated in Figure
54,

5.3.3.5 Monopi l e System  This is—a—preprietaryfendering systemis
based on the use of a floating ring-shaped resilient fender unit which

rides up and down on a large steel pile driven to the seabed. Speci al
lowfriction bearing pads are usually installed on the inner surface of
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the hull of the ring fender so that the fender unit can rotate and slide
freely on the pile. This unique ability nakes the nonopile systemvery
suitable for corner protection of piers and wharves and entrances to a
narrow slip. The units can also work well as breasting and turning

dol phins. Energy is absorbed both by the steel nmonopile in flexure and by
the ring-shaped fender unit. This systemis illustrated in Figure 55.
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Concrefr~ Panel Backing for Foam-Filled Fenders
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Monepile Fender System
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5.4 Sel ection and Design of Fender Systens.

5.4.1 Ceneral. The major factors which influence the selection of
the best fender systemfor a particular situation include the follow ng:

a) Energy-Absorption Requirenments. The fender system
nmust have sufficient energy-absorption capacity to absorb the kinetic
energy of the berthing vessel.

b) Reaction Force. This is the force which is exerted
on the ship's hull and on the berthing structure during inpact. The
reaction force has a significant effect on the design of the berthing
structure.

¢) Hull Pressure. This is the pressure exerted on the
ship's hull by the fender unit and is derived by dividing the reaction
force by the fender area in contact with the ship. Hull pressure nmust be
limted to |l evels which will not cause pernmanent damage to the berthing
shi p.

d) Deflection. This is the distance, perpendicular to
the line of the berth, that the face of the fender system nobves in
absorbing the ship's kinetic energy. The magnitude of the deflection
all owable will be controlled by other protrusions fromthe berthing face
and the ship.

e) Reaction/Deflection Relationship. The nature of the
reaction deflection relationship deternmines the relative stiffness of the
fender system

f) Long-Term Contact. This includes the changes in
envi ronnental conditions (i.e., wind, current, waves, and tide) during
| oadi ng and unl oading at the berth. The fender system should not "rol
up," tear, abrade, or be susceptible to other forns of danage when subj ect
to |l ong-term contact.

g) Coefficient of Friction between the Face of the
Fender System and the Ship's Hull. This deternines the resultant shear
force when the ship is berthing with |ongitudinal and/or rolling notion
and may have a significant detrinental effect on the energy-absorption
performance of the fender system The magnitude of the shear force al so
may have a significant effect on the cost of the berthing structure.

h) Degree of Exposures. Were the berth is exposed to
severe wi nd, current, and/or wave action, the fender selection nay be
governed by the design nooring conditions rather than berthing conditions.

i) Life-Cycle Costs. Capital costs for both the fender
system and the structure, as well as operation, naintenance, and repair
costs, nust be eval uated.

j) Berthing Practice. The capability of the crews
responsi bl e for berthing the ship will have an effect on the energy-
absorption requirenent of the fender system The berthing velocity and
angle of attach are affected by the |ocal berthing practice.
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k) Maintenance. Were naintenance is expected to be
i nfrequent, a sinple, possibly less efficient, fender system nay be
preferable to a systemrequiring a higher degree of maintenance.

) Local Experience. Fender types already used locally
shoul d be consi dered sinecebecause their performance under actua
conditions is known. Also, there nay be an advantage in having
i nterchangeability of spares, particularly if the nunber of new fenders
required is snall

n) Frequency of Berthing Operations. A high frequency
of berthings normally justifies greater capital expenditures for the
fender system

n) Range of Ship Sizes Expected to Use the Berth. While
the energy-absorption capacity of the fender system may be sel ected for
the largest ship expected to use the berth, the fender system nust be
suitable for the full range of ships that the berth will acconmbdate. The
effect of hull pressure and fender stiffness on the smaller vessels may
have a significant influence on the selection and arrangenent of the
f enders.

0) Shape of Ship's Hull in Contact with the Fender
System \Were vessels with unusual hull configurations or protrusions may
be expected to use the berth or where the berth nmust acconmodat e bar ges,
special attention nust be paid to the selection and arrangenent of the
fender system

p) Range of Water Level to be Accommpdated. The fender
system nust be suitable during the full range of water |evels that may
occur at the berth. The design nmust consider both the | argest and
snal | est vessels, in both the | oaded and |ight conditions, at high and | ow
water |levels. \Were extrene water |evel variations occur, consideration
shoul d be given to the use of floating fender systens.

g) Separators. The size, type, and nunber of canels
used in berthing operations will seriously influence selection of the
fender system

5.4.2 Fender System Behavior. The fender systens having the nost
promi se for new installations can be classified into three groups in terms
of their behavior:

(a) The flexible pile types sinmilar to those shown in
Figure ?? have basically a linear force-deflection relationship.
Cantil evered piles or “nonopile" systens |ikew se have a basically |inear
force-deflection relationship

(b) The buckling columm types behave linearly up to a
poi nt where the rubber starts to buckle and behave nonlinearly fromthere
on.

(c) The pneurmatic, foamfilled, and side-I|oaded rubber
fenders exhibit very sinmilar behavior with the reaction force building up
nore than proportional to increasing deflection. These behaviors are
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illustrated in Figure 56.
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5.4.3 Eval uati on of Alternatives.

5.4.3.1 Equal Energy and Reaction. Figure 56(A) illustrates the
reacti on-defl ection characteristics of the three types of fender systens.
The area under each of the reaction/deflection curves represents the

ener gy absorbed by that type of fender. Each of the curves in the figure
represents fender systens with equal rated reactions and equal energy-
absorption capability. It is evident fromthe figure that, while the
fenders of the various types illustrated provide equal energy absorption
at equal rated reactions, the energy-absorption capacity is achieved
through different deflections, with the buckling type deflecting the

| east.

5.4.3.2 Equal Reaction and Deflection. A conparison of the various
types of fenders may alternatively be considered on the basis of equa
rated reaction and equal deflection, as illustrated in Figure 56(B). This

situation often occurs when new fender units are installed in conjunction
with, and conpatible with, an existing fender system It may al so occur
when a replacenent fender systemis installed in an existing facility with
cargo transfer equipnent of Iimted reach. It is evident fromthe figure
that the buckling type fenders have consi derably nore energy-absorption
capacity for the sane reaction and deflection than the other types.

5.4.3.3 Reacti on versus Energy Absorbed. Conparing the various types
of fender systenms fromthe point of view of the reaction force that is
devel oped for a given energy-absorption capacity, as illustrated in Figure

56(C), it is evident that the pneurmatic, foamfilled, and side-Ioaded
rubber type fender units are the "softest." They have greater energy-
absorption capacity at reaction levels less than their maxi numrated
reaction. This characteristic makes these fenders particularly attractive
at berths which nust accommbdate a wi de range of vessel sizes sineebecause
the fenders will deflect significantly even when subjected to relatively
snmal | berthing inpacts.

5.4.3.4 Acci dental Overloads. Also to be considered in the selection
of a fender system are the consequences of an accidental overload of the
system The buckling and side-| oaded rubber fenders "bottomout™ if
conpressed beyond their maxi numrated deflection, with resultant high
reaction forces and the potential for severe damage to the berthing vesse
and the support structure. The reaction of flexible pile fender systens
will continue to increase at a uniformrate when overl oaded until the
yield stress of the pile material is reached, at which point continued
deflection will occur as the material yields with no appreciable increase
in reaction. Foamfilled fenders, when conpressed beyond their maxi num
rated deflection, will exhibit a steadily increasing reaction and will

i ncur pernmanent deformation and consequent |oss of future energy-
absorption capacity. The pneunatic fenders are nornally fitted with
relief valves so that when overl oaded they continue to absorb energy with
no increase in reaction beyond that which corresponds to the relief valve
setting and no permanent danage to the fender unit.

5.4.3.5 Buckl i ng Fenders. SineeBecause the buckling type fender
systens have the hi ghest energy-absorption capacity for a given deflection
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and reaction, they are in very wide use in comercial piers and wharves.
Due to the nature of the reaction/deflection/energy-absorption

rel ati onship of these types of fenders, as illustrated in Figure 56(C), a
very high reaction (close to maximun) occurs during virtually every
berthi ng operation and the berthing structure nust be designed with this
fact in mnd. This fact also causes the fender to be relatively rigid
when snal |l er ships use a berth designed for |arger ones. Many buckling-
type fenders cause rather high contact pressures against the ship' s hul
and consequently require a panel to distribute and thus reduce the
pressure. The panel nust be sized and |ocated to ensure proper contact
with both the |argest and smallest vessels to use the berth. Another
characteristic of these fenders which nust be considered is their |owered
per formance when i npacted by a vessel approaching at an angle to the berth
or with a velocity conponent in the |ongitudinal direction. The reduction
i n energy-absorption capacity may be as nmuch as 20 percent when the
approach angle is 5 deg. to 10 deg., with additional reduction when

conbi ned wi th shear strain.

5.4.3.6 Fl oati ng Fenders. The floating pneumatic and foamfilled
fenders have a sinilar appearance and sinilar reaction/deflection

rel ati onship. Conpared to the buckling types, these fenders require
greater deflection for a given reaction and energy-absorption capacity.
The pneunatic and foamfilled fenders present a very large surface to the
ship's hull and consequently have | ow hull contact pressures. This
elinmnates the need for a panel between the ship and the fender. Wth the
pneumatic and foamfilled types of fenders, the maxi numreactions wll
normal ly occur only a very few tinmes during the life of the facility,
permtting the use of higher stress levels in the supporting structure.
However, they require a rather large, solid face on the supporting
structure, which may increase its costs. The nmain difference between
pneumatic and foamfilled fenders is that the former will lose its
strength conpletely when punctured by ship protrusions and that the latter
may | ose a significant part of its energy-absorption capacity under
repeat ed heavy | oadi ngs.

5.4.4 Fender System Design

5.4.4.1 Ship Contact. Wiile the ideal berthing process would attenpt
to engage as many fender units as possible, in reality, at the time of

i npact, the ship will be at a slight angle to the berth and contact wll
be made over a small length. Discrete fender units such as the buckling
columm type or the floating type should be designed for one unit providing
the full energy with a mninmmof two units installed per berth. For the
conti nuous systemusing flexible piles and rubbers, the |length of contact
will be a function of the ship's hull radius at the |evel where contact is
made, the flexibility and spaci ng of rubber fender unit units, and the
stiffness of the chock and wal er assenbly in the horizontal plane. The
problemis anal ogous to a beamon elastic foundation. In the absence of
nore rigorous analysis, the followi ng assunptions for contact |ength may
be made:

Crui sers, destroyers, and frigates ..... 20 ft
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Batt | eshi ps, anphi bi ous warfare
ships, and auxiliary ships ............. 40 ft

When berthing is nade with separators, only one separator should be
assuned to be in contact at the tinme of inpact, with a mninum of two
separators installed per berth. Were the separators are gui ded by fender
piles, all the piles may be assunmed to be effective in sharing the energy.
When free-floating separators are used, not all the piles backing the
separator will be effective. Local experience should dictate and a nore
conservative assunption should be nade.

5.4.4.2 Al l owabl e Hull Pressure. Wen the ship's energy is resisted
through foamfilled or pneunatic fenders, the resulting force is
concentrated in a small area of the ship's hull. In such cases, the

al l owabl e pressure on the ship's hull becomes a critical design issue.
Most fast conbatants have a thin hull plating with a [ ow all owabl e hul
pressure. Table 7 lists typical values for sonme ship types. For nore
specific information on the ships being berthed, NAVSEASYSCOM shoul d be
consulted. See TR-6015-OCN, , “Foam Filled Fender Design to Prevent Hul
Danage”, for additional information. The values in Table 7 are based on
yielding of the hull plating and include a 1.5 safety factor
Consequently, when checking for an accidental condition, the allowable
val ue nmay be increased by up to 50 percent. {INSERT TABLE & FlI GURE FROM
TR- 601577}

5.4.4.3 Al | owabl e Stresses. SineeBecause ship berthing is a short-
terminpact type of |oading, the follow ng increases over published val ues
(M L- HDBK- 1002/5, M L-HDBK-1002/6, NAVFAC DMt 2.03, and NAVFAC DM 2.04) are
permtted. The fender system may be designed as a Class B structure.

a) Tinber. For operating condition, the allowable
stress in flexure (tension and conpression) may be taken as 0.67 X nodul as
of rupture or the published allowabl e val ues increased by a factor of 2.0,
whi chever is less. For the accidental condition, the stress-strain curve
may be assunmed to be linear up to 0.9 X nodul us of rupture, which should
be taken as the limt.

b) Steel. For operating condition, the allowable stress
in flexure (tension and conpression) nmay be taken as 0.8 X yield stress.
For the accidental condition, full yield stress nay be used. However, the
sections used should satisfy conmpactness requirenents or the allowable
stress reduced proportionately. Menbers should be sufficiently braced for
devel opnent of the yield strength.

c) Concrete. Reinforced and prestressed concrete
menbers not intended for energy absorption should be designed with a | oad
factor of 1.7 over forces devel oped due to operating condition. Wen
designed thus, they will be satisfactory for the accidental condition
Further prestressed nmenbers should not be allowed to develop tensile
stresses in excess of 12 X square root of 28-day conpressive strength in
t he preconpressed zone. Prestressed concrete nenbers specifically designed
for energy absorption may not conformto the above requirenments and are
beyond the scope of this manual. {See NFESC TR-????? For gui dance on the
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design of prestressed concrete piles for use as fender piles.}
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Chomes— 20 Felbeuaee 1000
Table 7
Maxi mum Al | owabl e Hul | Contact Pressures[*]

Max. Al l owabl e Hull Contact Pressure at Waterline

Typi cal Vessel Type Desi gnati on Cl ass (psi)
Battl eship BB 61 | owa 17.3
Gui ded nissile cruiser CG 26 Bel knap 17.3
Gui ded mi ssil e cruiser CG 47 Ti conder oga 9.3
Cui ded missile cruiser CGN 36 California 19.0
Gui ded nissile cruiser CCGN 38 Virginia 18.7
Aircraft carrier CV 66 Kitty Hawk 34.8
Aircraft carrier CVN 68 Nimtz 28.9
Dest r oyer DD 963 Spr uance 9.3
Cui ded ni ssile destroyer DDG 2 Adans 32.0
Gui ded mi ssil e destroyer DDG 37 Far r agut 30.0
Cui ded ni ssile destroyer DDG 993 Ki dd 9.3
Frigate FF 1052 Knox 10.0
CGuided mssile frigate FFG 7 diver Hazard Perry 9.3
Subnari ne SSN 637 St ur geon 15.2
Subnmari ne SSN 688 Los Angel es 27.2
Ballistic mssile subnmarine SSBN 616 Laf ayette 15.2
Ballistic missile submarine SSBN 726 Ohi o 30.3
M nesweeper MSO 427 Const ant 4. 7[**]
Amphi bi ous cargo ship LKA 113 Charl est on 12.6
Anmphi bi ous transport dock LPD 4 Austin 12.8
Anmphi bi ous assault ship LHA 1 Tar awa 17.6
Dock | andi ng ship LSD 36 Anchor age 18.5
Tank | andi ng ship LST 1179 Newpor t 10.0
Destroyer tender AD 37 Saruel Gonpers 9.4
Ammuni tion ship AE 26 Ki | auea 14. 6
Conmbat store ship AFS 1 Mar s 18.1
Fast conbat support ship ACE 1 Sacranent o 17.6
Qler AO 177 Ci marron 21.0
Qler AO 187 Henry J. Kai ser 19.9
Repl eni shrent oi l er AOR 1 Wchita 27. 7
Sal vage ship ARS 38 Bol st er 13. 4
Sal vage ship ARS 50 Saf eguar d 13. 4
Subnari ne tender AS 36 L.Y. Spear 9.2
Repair ship AR 5 Vul can 11.8
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[*] The allowable pressure is based on contact at the middl e 60 percent
of ship's length at waterline.

[**] Assuned value. MSO has a wooden hull capabl e of accepting high
contact pressures.

DRAFT



DRAFT

S Chonce 08 Febrnncs 1000

5.4.4.4 Coefficient of Friction. As the ship is berthed against the
fender system there will be force conponents devel oped in the

| ongi tudi nal and vertical directions also. As the coefficient of friction
bet ween rubber and steel is very high, special fender front panels have
been devel oped with reduced friction coefficient. Utra high nol ecul ar
wei ght (UHMW pl astic rubbing strips have been successfully used in front
of tinber piles. The following friction coefficients may be used in the
desi gn of fender systens.

Tinber to steel ................ 0.4to0 0.6
Urethane to steel.............. 0.4 to 0.6
Steel to steel ................. 0. 25
Rubber to steel ................ 0.6 to 0.7
UHMWWto steel .................. 0.1to 0.2
5.4.4.5 Tenperature Effects. Fender piles, backing nmenbers, etc., are

not affected by tenperature fluctuations and can be expected to perform
normal | y. However, in colder tenperatures, rubber fender units becone
stiffer and their performance will be affected significantly. Hence, the
ener gy-absorbing capability of the rubber unit and the fender systemas a
whol e shoul d be eval uated based on the | owest operating tenperature
expected. UHMW rubbing strips which have a significantly higher rate of
expansi on than steel or concrete should al so be carefully designed and
detailed to operate effectively.

5.4.5 Corner Protection. All corners of piers and wharves and
entrances to slips should be provided with fender piles, rubbing strips,
and rubber fenders for accidental contact with ships or routine contact
with tugs. See Figure 57 for typical details.

5.4.6 Support Chains. Chains are comonly used in fender systens
when a tension nmenber is needed. Chains are used in continuous fender
systenms and | arge buckling and cell type units to resist the sudden energy
rel eased. For pneunmatic and foamfilled resilient fender units, the chain
is used to suspend the units. Chain snmaller than 3/8 inch is not
reconmended. For better corrosion resistance, zinc coating is preferred.
A common wel dl ess high-test chain is usually nore cost-effective than the
stud link variety.

5.5 Mai nt enance of Fendering Systens. For a fender systemto
performas designed, it is essential that all conponents of the system be
mai ntai ned, including piles, rubber conponents, nounting bolts,
support/shear chains, shackles,face panels and low friction pads. Failure
of key conponents could result in expensive danage to the ship, pier or
wharf, or the other conponents of the fender system Al fenders should
be regularly inspected and damaged conponents replaced as soon as
possible. Torn or punctured skins of foamfilled or pneunatic fenders
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shoul d be inmmediately repaired to avoid enlargenent of the danaged area
and total failure of the fender. Manufacturer’s repair kits for the

uret hane skins nay be available. Munting plates inbedded in the nol ded
rubber carcass of buckling type fenders nmay be exposed to the el enents due
to cracks in the rubber. This allows air an water to reach the stee

t hereby pronoting corrosion of the steel. Cracks or cuts should be seal ed
to extend the life of the fender elenent. Danage to shear chains could
allow lateral failure of the entire fender system Broken fender piles
will not only accelerated damage to the adjacent piles, but could cause
danage to the ships. Coatings on steel elenents of fender systens should
be cl eaned and touched up to extend the useful life of the system
Deterioration of chocks and wales in a pile type fender system nust be
mai ntained to prevent failure of the entire system
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Figure 57
Corner Protection
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Section 6. SEPARATORS

6.1 Function and Application. Separators are devices used between
the ship and the structure or between adjacent multiple berthed ships to
provide a "standoff" or separation. A separator used between a ship and a
dock is frequently referred to as a canel. Al Navy piers use separators
extensively for the follow ng reasons:

6.1.1 Hul I Mai ntenance. During active berthing, the ship's crew
typically perfornms cleaning, painting, light hull repairs, and other
routi ne mai ntenance activities on the ship. These activities are best
performed when the ship is kept off the structure at discrete points.

6.1.2 Overhangs and projections. Aircraft carriers that have |arge

overhangs at the flight deck level, and several other ship types having

bul ges and projections at the side, require separators to prevent danage
to the ship at these projections. Qher protrusions include air masker

bands, soft sonar dones, and stabilizer fins.

6.1.3 Special Skin Treatments. New cl asses of ships are bei ng equi pped
with special hull treatments that can get damaged through constant rubbing
agai nst the structure. Separators with special rubbing strips can

m nim ze the contact area and control the damage

6.1.4 Subrmarine Berthing. Navy subrmarines are typically berthed with
deep-draft (canel) separators. The submarines nmay be noored to the canels
or noored directly to the berthing structure. Submarines require the
separators to prevent danage to diving planes, screws, fairings, and the
speci al skin treatnents.

6.1.5 Multiple Berthing. Separators are required between ships that
have to be berthed abreast for ship-to-ship transfer operations or for
| ack of berthing space in the naval station.

6.1.6 Fender Protection. Wen the existing fender system can suffer
damage due to notions of noored ships, a separator can be useful in
reduci ng the danage as long as it is properly placed and the ship is
properly noored. If not, canmels can easily increase the damage to ti nber
fender piles.

6.2 Separator Types The nore comonly used separator types are as
fol |l ows:
6.2.1 Log Canels. These are large-dianeter turned tinber logs (24- to

36-inch dianeter 40 to 50 ft long, held in the desired position fromthe
deck by nylon ropes or chains. They are usually allowed to float with the
tide. The longer length is preferred as they can distribute the load to a
greater nunber of piles. See Figure 58(A).
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Miul tiple log canels are nade from several snaller dianmeter |ogs held
together by wire rope at ends and at center. They are not as efficient as
the single log canels. Log canels fabricated fromrecycled plastics and
conposite materials are available. Sonetines a series of used tires may
be fitted through the log to provi de sone energy absorption, as shown in
Fi gure 58(B). Log canels do not provide nuch of a separation. \Wen a

wi der separation is needed, a steel, er—wood, or conposite pontoon canel
may be inserted between the ship and | og canel.

6.2.2 Ti mber Canels. These consist of several large tinbers connected
together by struts and cross braces to forma large crib. Additional feam
flotation units nay be inserted between the tinbers for a higher

freeboard. Wear causes bolt heads to beconme exposed and thus cause danage

to hulls. See Figure 59(A).

6.2.3 Steel Pontoon Canels. These are made of cubical or cylindrica
steel pontoons connected by structural fram ng. The pontoons shoul d
preferably be filled with foamto reduce the risk of losing flotation by
accidental puncturing of the units. See Figure 59(B). Figure ?? shows an
aircraft carrier canel constructed of welded steel tubes conbined with
foamfilled fenders along the dock side face to provide energy absorbtion
and cushioning for ship novenents at berth. Note that the | ower profile
edge of the canel is placed against the ship’s hull to avoid interference
with the framing for the ship’s aircraft elevators when in the | owered
position. UHMN pol yet hel ene pads are provided along the ship contact edge
of the canel to reduce the coeficient of friction.

6.2.4 Deep-Draft Canels. For submarine berthing where a good portion
of the body is below the waterline, all the above canels are inadequate as
the canel will ride up on the submarine during berthing. Hence, deep-
draft canels nmade fromlarge steel pipes and tinber wal ers have been

devel oped. See Figures 60 and 61. They have a |linited energy absorption
and a narrow working platform These canmels work well when nooring

agai nst a tender ship and for nmultiple berthing. Wen used against an
open pier or wharf, these canmels will require solid backing el enents

(bel ow waterline) fromthe fender system The nore advanced version of
the submarine canels is used for berthing the Chio-class (Trident)
submarines. These canels are attached to guide piles and provided with a
| arge wor ki ng deck. See Figure 42. The submarine is nmoored to the canels
with preventer lines (at bow and stern cleats) going directly to the wharf
structure. The guided camel arrangenent is reconmended where the
submari ne has a dedi cated berth.

6.2.5 Hydr o- Pneumati c Fenders. Another type of deep draft fender used
for berthing of subnarines is the hydro-pneunatic fender discussed in
5.3.2.6.

6.2.6 Conposite Canels. NFESC is devel oping a conposite canel for
berthing of subnarines — see Figure ???. This concept uses 18-inch
conposite back-up piles spliced to steel Hpiles. There is a conposite
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“tub” for guiding the piles and tying the piles together. The
configuration of the canel is intended to serve both current and future
generations of submarines. By connecting two of these conposite canels
back to back, a separator for use between two subnarines is forned.

6.2.75 Carrier Camels. Aircraft carriers, with their |arge overhang at
flight deck, require a wi de separator fromthe pier or wharf structure. A
speci al steel-framed canel has been devel oped for this use and is
illustrated in Figures 62 and ?7.

6.2.86 Large Fenders. Foamfilled fenders and large cell-type fenders
can serve as separators to provide the standoff for sonme ship types.
Foamfilled and pneumatic fenders can al so be used as a separator between
ships in nultiple berthing, as shown in Figure 63.

6.3 Loads. The canel |oads are conputed from berthing and nmooring
anal ysis of the ship, canel, fender, and structure systemresisting the
| ateral |oads. See ML-HDBK 1026/4, Mooring Design, for guidance on
conputing the forces fromw nd and current. Al the ship's current and
wi nd | oads are transmitted through the canels to the pier or wharf
structure. Al horizontal |oads nay be assumed to be acting uniformy
along the length. Deck elenents of |arge canels should be designed for

50- psf vertical live load. The canel assenbly for fabricated canels
shoul d be checked for lifting stresses. \Were the pick-up points and
rigging configurations are critical to control lifting stresses in the
canels, provide clearly marked pick-up points or pad-eyes. For conplex
lifting requirenents, lifting diagrans should be provided on the design
drawi ngs.
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6.4 Ceonetry. The shape and size of fabricated canels are governed
ship's geonetry at waterline

6.4.1 Ship's Lines. For |large vessels such as Cvs or CVNs, canels may
be designed for berthing a single class of ship. The bearing face between
canel and vessel should be shaped to approximate the lines of the ship at
wat erline. Because hull lines vary with conditions of draft and trim
generally only a rough match is possible. Therefore, the outboard canel
bearing face should be provided with rubber fenders or other nmeans to
produce sone flexibility in the bearing face, thus conpensating for ninor
hull Iine variations. Wiere hull line variations are |arge, adapters or

tel escopi ng devices may be required. Except for straight-sided ships,
usually a single Iine bearing between separators and ships is provided.

6.4.2 Length and Wdth. Adequate |ength of separators shoul d be
provided in order to keep the contact pressure between separator and hul
and between separator and pier fenders within allowable limts. This is
particularly inportant where conpressi ble fender faces are used that
transfer reaction pressure directly to the hull plate versus the franes of
the vessel. The length should not be Iess than the distance between three
franes of the ship, three fenders or fender piles on the pier, or 30 ft,
whi chever is greatest. Mnimm separator width is determ ned by the
ship's roll characteristics and freeboard, and-the presence of any

over hangi ng projections on a ship and vertical obstructions on the dock
such as gantry cranes or |ight poles.

6.4.3 Depth. Adequate depth should be provided for submarine canels
and separators to naintain contact with ship and dock in the full tidal
range.

6.5 Stability. There is usually some eccentricity between the

hori zontal |oad applied on the ship side and the horizontal reaction

provi ded on the dock side. This is due to tilting of the canels (from

i nperfect floatation, buoyancy tank taking on water, etc.) and tendency of
the canel to ride up and down with the vessel due to tidal fluctuations.
The canel should have sufficient width, depth, and weight to provide rol
stability for counteracting the effect of the |Ioad eccentricity and shoul d
have neans of adjusting for variations intilt and trim Providing a

| ower level frane as shown in Figure ?? can be effective in limting the
tendency of a canel to flip. {insert a figure illustrating the effect of
eccentricity and the control provided by a | ower |evel frane}

6.6 Location. For fine-lined ships, canels should generally be

pl aced within quarter points of the ship to give strength and to bear on a
reasonably straight portion of the hull. For straight-sided ships, canels
may be | ocated beyond the quarter points. At |least two canmels should be
provided for all classes of ships. |In any event, canels should not be

pl aced so as to bear directly against structural piles.

6.7 M scel | aneous Consi der ati ons
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6.7.1 Protection. Consideration should be given to outfitting stee
separators with a suitable protective coating or a cathodic protection
system depending on relative costs.

6.7.2 Buoyancy Tanks. Buoyancy tanks shoul d be conpartnented or foam
filled. Drainage plugs used for pressure testing the buoyancy tanks
shoul d be provided. Where pontoon canels are assenbled in a single line,
they should be ballasted for stability through plugged openi ngs provided
for this purpose. The buoyancy of fram ng menbers and the wei ght of paint,
i f any, should be considered in the buoyancy and stability conmputations.
Wher e buoyancy tanks are not foamfilled to allow filling with bal ast
water or weights to adjust trimand freeboard of the canel, easily
accessible fill/punpout and vent connections should be provided. These
connections can be used to punping out excess water that | eaks into the

t anks.

6.7.3 Abrasion. Canel fenders rubbing against a hull renobve its

pai nt. Exposed surfaces are subject to corrosive action, especially at the
waterline. For these reasons, it is desirable to have canel fenders rub
agai nst hulls above the waterline where the hull can be repainted if
necessary.

RECOMVEND THAT THE FOLLOW NG ADDI TI ONAL FI GURES BE ADDED TO THI S SECTI ON
AND REFERENCED | N THE APPROPRI ATE PARAGRAPHS:

Canel lifting diagramfrom NAVFAC Dwg. No. 5358508

Typi cal Canel Section from NAVFAC Dng. No. 5358513

Submari ne canel perspective illustration from NAVFAC Dwg. No. 1404667
Canel Arrangnment Diagrans from NAVFAC Dwg. No. 1404667

Subrarine Canel Plan & Section from NAVFAC Dwgs. Nos. 1404944 & 1404945
Illustration of “Deep Draft Submarine Canel”, Figure 2 from NFESC/ Duane
Davis’'s report on Advanced Fendering Systenms, 30 March, 1999.
Illustration of “Deep Draft Submarine Separator — Two Canels Joi ned
Together”, Figure 3 from NFESC/ Duane Davis’'s report on Advanced Fenderi ng
Systens, 30 March, 1999.

Sectional drawi ng of a Hydro-Pneumatic Fender, “detail of Pier 5003
Fender” from NFESC/ Duane Davis's report on Advanced Fendering Systens, 30
Mar ch, 1999.
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Section 7. ACCESS FACI LI TIES

7.1 Ceneral. Several access structures are used in piers and
wharves for noving personnel and cargo, and acconmodati ng selected utility
lines. They have uni que design requirenents. Sonme are of standard design
and may be procured as collateral equi prment while others are designed and
constructed specifically to go with the facility. The access facilities
covered by this manual are landing float, brow or gangway, brow platform
wal kway or catwal k, ranmp, and utility boom

7.2 Landi ng Float. \When piers and wharves need to be accessed
fromthe waterside by small craft such as patrol boats (which cannot berth
directly), a landing float and a brow are required.

7.2.1 Materials. Flotation units may consi st of foans of

pol ystyrene and pol yuret hane, fiberglass-reinforced polyester resin shells
with or without foam cores, nmetal pontoons, netal pipes, netal drums, and
hol | ow concrete sections. Tinber logs, the earliest formof flotation
unit and the cheapest, have a tendency to becone waterl ogged and their use
is not reconmended. Decks of floats are variously nmade out of wood pl anks,
pl ywood, plywood and fiberglass-resin coatings, concrete, and nonskid
nmetal surfaces. Franework for floats is generally of preservative-treated
ti mber, although steel and alunmi numare often used. Al ferrous neta

har dwar e shoul d be gal vani zed or otherw se protected from corrosion

7.2.2 Mooring Systens. Floats should be anchored to prevent

movenent by wind, current, waves and inpact fromthe ships. Anchorage may
consi st of individual vertical (guide) piles, franes of batter and
vertical piles, and cables or chains. See Figure 29. \When piles are used
to anchor snall floats, guides are furnished to secure the float to the
anchor pile. Commonly used guides are rigidly braced netal hoops of pipes,
rollers, or traveler irons. Chains and flat bar guides should not be used
as they cause the float to hang up on the piles. See Figure 64 for
details. This systemworks well for shallow waters with a large tida
range. |In deeper water, the pile head nay have to be supported by the
structure or pile driven deeper. Anchorage nay al so be obtained froma
cable or chain systemattached to the ocean bottomor to the fixed pier or
wharf structure.

7.2.3 Live Loads. Stages for |anding personnel only are designed

for a uniformlive load of 50 Ibs/ft? or a concentrated |live |load of 500
| bs placed at any point on the deck surface. The float should not tilt

nmore than 6 deg. fromthe horizontal when applying the concentrated live
| oad of 500 | bs.

7.2.4 Freeboard. Floating stages for small craft usually ride with
the deck from 15 to 20 in. above the water surface under dead |oad. Live
| oads usually lower the float about 8 to 10 in.
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7.2.5 Fendering. Fenders should be provided on all floating stages.
For small craft berthing, fenders nay consist of soft, flexible rubbing
strips (rubber tires, sections of hose).

7.2.6 Fittings. A mnimmof three cleats (5,000-Ib. capacity)
shoul d be provided for securing small craft.

7.2.7 Fini sh. The deck should be provided with a nonskid surface.
Where wheels or rollers froma broww |l be resting on the float, guide
channels or a skid plate should be provided to prevent damage to the
float.

7.2.8 Rei nforced Plastic Landing Float. The float shown in Figure
65 is constructed of a planking material, referred to as "rovon pl anks,"
formed by wrapping glass roving, spirally, around rigid pol yurethane foam
cores. For extra strength, several wappings may be applied. The fl oat
is 60 ft long, 14 ft wide, and 5 ft 4 in. deep. It weighs about 26,000

I bs. The deck is covered with a nonskid coating. |n unloaded condition
the float draws 2 ft 1 in. of water and in load condition the float,
designed for a uniformlive load of 100 Ibs/ft2? or a concentrated | oad of
500 | bs placed at any point on the deck, draws 3 ft 7 in. of water

Cleats and a tinber fender systemare provided. A 12- by 12-in. tinber
menber is attached at each end to receive tinber pile guides |ocated at
each corner. For additional details, refer to NEEL-NFESC Techni cal Report
R 605, Reinforced Plastic Landing Float and Brow. The float is light,
strong, and has a high roll stability due to the catanaran-type hul
constructi on.

7.2.9 Concrete Float Elenments. Concrete encased plastic foam

el ements design for use in concrete floating docks for marinas can be
connected together in various configurations to be used as work floats.
The mass added by the concrete encasenent creates a very durable fl oat
that is less affected by waves and live loads than nore |ight weight

syst ens.

7.3 Brow or Gangway. Brows are used for access to landing floats
fromthe pier or wharf structure. They are nore frequently needed to
access a berthed ship fromthe deck. Brows are prinmarily used for
personnel novenent to or fromthe ship. NAVFAC standard brow draw ngs are
avai l able fromthe engineering field divisions. Were there is a
potential need for access to a facility by physically handi capped persons,
ranp sl opes and wi dths and | andi ngs should neet the applicable

requi renents of the Americans with Disabilities Act Accessibility

Cui delines (28 CFR part 36, Appendix A.

7.3.1 Length. Brows should be of sufficient Iength so that the
slope will not exceed 1.5 horizontal to 1.0 vertical at the worst
condi ti on.

7.3.2 Wdths. Wdths should be 36-in. mnimm (clear) passage for
one-way traffic and 48-in. mininum(clear) passage for two-way traffic. A
60-in. nminimum (clear) passage should be provided for two-way traffic when
personnel carry small | oads.
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7.3.3 Construction. Fiberglass, alumnum steel, tinber, or a
conmbi nation of these materials may be used. Alum num and fiberglass are
generally preferred for the I ow weight to strength ratio and corrosion
protection.

7.3.4 Live Load. The brow structure should be designed for a
uniformlive load of 75 Ibs./ft? and a concentrated live |load of 200 |bs.
appl i ed anywhere. A reduction in the live load to 50 I bs./ft2 may be
perm ssi ble where the browis to be used in conjunction with a | anding
float. For calculation of reaction to the landing float, the live | oad
can further be reduced to 25 Ibs./ft?
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7.3.5 Handrails. Handrails designed for 20 I bs. per lineal foot

| ateral |oad should be provided on either side of the brow. The handrai
may be designed to serve as the top chord of a truss when sufficiently
braced.

7.3.6 Safety. Safety devices should be provided to keep the brow
fromrolling off the platformdeck and to prevent novenent of the platform
while in use. Safety chains should be clipped into position for personne
safety. Large tidal variations are a probl em because these may cause the
brow to roll off the platform A sinmilar situation exists when high

Wi nds, currents, and extrene tides pull a ship away fromthe pier.

7.4 Brow Platfornms. These are used when a brow from ship deck to
pi er deck is not practical, or presents an obstruction. Exanples are
portal crane trackage along repair berths, large tidal variations, and
great height fromdeck to pier. Aircraft carriers (Cvs and CVNs) usually
use one brow forward and two aft. These brows require platforms 20 ft or
higher. This platformis basically a truncated tower, with typica
measurenents of 12 x 12 ft at the base, while the top deck is 5 ft w de
and 10 ft long. |If small stair platfornms are built alternately opposite
hand, the requirement for a large platformcan be net by |ashing two of
the small er ones together. See Figure 66. Sonetines the ship end of the
brow can be connected to a rotatable platformwhich is permanently fixed
to the ship by nmeans of pins that |ock the brow pivot hooks to the
circular rotating portion of the rotatable platform See Figure 67.
Construction materials and live |load requirenments are the sanme as for

br ows.

7.5 Wal kway or Catwal k. These are pernanent personnel access
bridges installed between shore and different el enents of piers and
wharves. One exanple is a wal kway between the pier or wharf structure and
a nooring dol phin | ocated sone di stance away (shown in Figure 1). \Were
there is a potential need for access to a facility by physically

handi capped persons, ranp slopes and w dths and | andi ngs shoul d neet the
applicable requirenents of the Arericans with Disabilities Act
Accessibility Guidelines (28 CFR part 36, Appendix A).

7.5.1 Wdth. For wal kways between shore and a U shaped wharf, a 4-
ft wwdth is reconmended. For infrequently used wal kways, the m nimum
wi dt h shoul d be 3 ft.

7.5.2 Live Load. Al wal kway structures should be designed for 100
Ibs./ft? live | oad.

7.5.3 Construction. Wal kway decki ng shoul d be slip-resistant

al um num or fiberglass grating. Framng nay be wood, al um num or
fiberglass nenbers. In view of the Iight | oads encountered, piles
supporting deck stringers can be of treated tinber. Were |oads and
installation difficulty nmake tinber piles inadequate, concrete and stee
piles may be used.
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7.5.4 Handrails. Handrails should be provided on either side of the
wal kway. Handrails should al so be considered for use al ong edges of
approach trestles and al ong non-berthing extents of docks or wharves.
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7.6 Ranmps. Transfer bridges or ranps are sonetines required for
movi ng vehicles or heavy cargo fromships, simlar to a roll-on/roll-off
(RO RO) operation. MC RO RO ships do not require any special features on
exi sting Navy piers. Sideport ranps are stowed and handl ed by the ship.
Sternport ranps are hinged to the vessel and extend to docksi de or
floating equi pnent (lighters, causeways, stages). These ships also have
conventional cargo gear. The LHA-cl ass of anphibi ous assault shi ps,
having vertical lift stern gates, possess RO RO capability. Installations
accommodati ng vessels of this type should consider the use of a ranmp or
transfer bridge, as shown on Figure 68, to ninimze the tine required for
novenent of vehicul ar equi pnent and for |oading of supplies. Design and
construction of ranps should be simlar to highway bridges.

7.7 Uility Boons. These are basically cantilevered arms used to
support electrical cables in subnmarine berths. See Figure 69. The boom
shoul d be supported by the pier or wharf structure as close to the
bullrail as possible for efficient operation. The boomis usually swung
parallel to the bullrail for stowing. The material for boom construction
is usually steel. Design of the boom structure should be according to
NAVFAC DM 2. 03, Structural Engineering - Steel Structures. For mechanica
requi renents, refer to NAVFAC DM 38. 01, Wi ght Handl i ng Equi prent.

7.8 Fuel Loading Arm At fueling piers and wharves, |oading arns
(as shown in Figure 70) are used at dedicated positions for efficient
transfer of fuel. Design and construction requirenments of |oading arns

are simlar to utility boons.

7.9 Access Ladders and Life Rings. Ladder access from pier or wharf
deck to waters should be provided at a maxi mum spaci ng of 400 ft on
centers or within 200 feet of the work area—unless—a—eloser—spacinrg+s
reguired—by—toecalOSHArequirerents per 29 CFR 1917.26(f). Such | adders
should be at least 1 ft 4 in. wide and should reach the | owest water

el evation anticipated. Safety cages are not required. The |adder should
be | ocated on either side for a pier (50 ft or nore wide) and on the water
side for a wharf at places convenient to anyone who m ght accidentally
fall into the water. Also, 29 CFR 1917.26 requires that a U. S. Coast Cuard

approved 30 inch life ring with at least 90 feet of line attached be
avail able at readily accessible points at each waterside work area where
the enpl oyee’s work exposes themto the hazard of drowning. Interpret as
one life ring per wharf.
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ADD DETAIL OF BOOM SI M LAR TO THOSE PROVI DED ON WHARF Y-3, PEARL HARBOR
AND REFERENCED I N THE P. O E. OF SEPTEMBER 1995
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APPENDI X A
FACI LI TY PLATES

The following facility plates have been included in M L-HDBK-1025/1
for the purpose of presenting an overview of some typical naval waterfront

facilities. The plates have been devel oped from draw ngs of existing
facilities and illustrate the nature and interrel ati onships of the
different el ements. However, the details shown in the plates may be
i nconsistent with the text presented in M L-HDBK-1025/1 and ot her

ref erenced design nanuals. In all situations, the criteria and
reconmendati ons of the design manual s shoul d govern

Descri ption Pl at e No. Sheet
Berthing Pier for Submarine 151- 20
Berthing Pier for Subnmarine 151- 20
Berthing Pier for Destroyer 151- 20
Berthing Pier for Destroyer 151- 20
Berthing Pier for Cruiser & Auxiliary 151- 20

Berthing Pier for Cruiser & Auxiliary 151- 20
Berthing Pier for Carrier 151- 20
Berthing Pier for Carrier 151- 20
Berthing Pier for Carrier

Fitting Qut Pier for Destroyers
Fitting Qut Pier for st roysg

Fitting Qut Pier[for StROY €
or~f 67 Au %gi's
i d) Aux | I4\arj/es

3 Q

Auxitl ari es

yPier for Auxiliaries (Al ternate)
Fueling Pier for Auxiliaries (Alternate)
Fueling Pier for Auxiliaries (Al ternate)
Fueling Pier for Auxiliaries (Alternate)
Repair Pier for Cruiser & Auxiliary
Repair Pier for Cruiser & Auxiliary
Ocean Term nal Wharf

Ocean Term nal Warf

182
Carrier Berthing Quaywal | 154- 20 la
183
Carrier Berthing Quaywall 154- 20 1b
184
Small Craft Berthing 155- 20 la
185
Smal | Craft Berthing 155- 20 1b
186
Smal | Craft Berthing 155- 20 1c
187
Snmall Craft Berthing 155- 20 1d
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161
162
163
164
165
166
167
168
169

70
171
172
173
174
175
176
177
178
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188
Small Craft Berthing
189
Smal | Craft Berthing
190
Smal | Craft Berthing
191
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